BT-2598  Hydrogen  for  Military  Purposes 

BT-2599  German  Documents  on  "Notes  of  the  Balloonist" 

BT-2600  Regarding  Leakage  of  Hydrogen  from  Balloons 

BT-260 1  The  Lift  of  Hydrogen 

BT-2602  Electrification  of  Observation  Balloons 

Air  Service,  Washington,  D.C. 

1920-1921 


BT-2598 

Hydrogen  for  Military  Purposes 
Air  Service,  Washington,  D.C. 
20  Aug  1920 


File  D  11.322/ 19 


AIR  SERVICE  INFORMATION  CIRCULAR 

(UIGHTEIR-THAN-AIR) 
PUBLISHED  BY  THE  CHIEF  OF  AIR  SERVICE,  WASHINGTON,  D.  C. 


Vol.   II 


August  20.  1920 


No.  157 


HYDROGEN  FOR  MILITARY 
PURPOSES 


W.^lSHINGTON 

GOVERNMENT  PRINTING  OFFICE 

1920 


HYDROGEN  FOR  MILITARY  PURPOSES. 


Tho  production  of  hydroijcu  for  commercial  purposes 
h;Ls  naturally  lieen  toward  the  development  of  methods 
which  insure  low  cost  and.  the  equipment  designed  is 
usually  for  permanent  installations,  (ireatest  efficiency 
in  the  production  of  hydrogen  for  military  service  involves 
processes  which  permit  of  easily  transportable  generating 
e(|uipment.  ample  available  supplies  of  chemical  sub- 
stances and  purity  of  gas.  It  is  often  practicable  for  the 
Army  to  use  hydrogen  plants  of  commercial  types,  shipping 
the  gas  compressed  in  cylinders,  so  that  it  is  important 
that  officers  assigned  to  the  lighter-than-air  service  become 
familiar  with  all  practicable  methods. 

PROPERTIES  OF  HYDROGEN. 

llvdrogen  is  a  colorless  and  oilorless  gas  when  pure. 


there  are  none.  The  divergence  of  actual  gases  from 
Boyle's  law  does  not  follow  any  formula;  a  curve  plotted 
for  any  one  gas  is  irregular  at  various  pressures.  iSee 
Smithsonian  Physical  Tables.)  Hydrogen  is  less  com- 
pressible than  indicated  by  Boyle's  law,  while  nearly  all 
other  gases  are  more  compressible.  At  normal  tem- 
peratures and  a  pressure  of  2.000  pounds  per  square  inch 
(136  atmospheres  I,  the  quantity  of  free  hydrogen  in  com- 
mercial cylinders  of  2,l!-10  cubic  inches  should  be,  accord- 
ing to  Boyle's  law,  20.S  cubic  feet,  wherea-s  experiments 
show  only  191  cubic  feet,     i  lUireau  of  Standards.) 

Hydrogen  will  burn  in  air  when  the  percentage  is  as 
low  as  H,  the  flame  traveling  upward  when  ignited  below. 
As  the  percentage  of  H^  increases  to  9,  the  flame  will 
travel  downward  or  in  any  direction.     Further  increa.;es 
Frequently  in  the  manufacture  of  hydrogen  by  chemical  |  in  percentage   Hj  increases  the  intensity  of   the  flame 


processes  impurities  in  materials  cause  combinations  of 
sulphur,  carbon,  and  arsenic,  which  with  hydrogen  even 
in  minute  (piantities.  produces  an  odor  often  incorrectly 
referred  to  as  that  of  hydrogen. 

Hydrogen  is  the  lightest  known  gas,  having  a  specific 
gravity  of  0.0(i9G,  referred  to  air  at  same  temperature  and 
pressure,  which  is  equivalent  to  a  weight  of  0.00.5621 
pounds  per  cubic  foot  at  temperature  of  0°.C.  and  76 
centimeters  1 0,001476  grams  per  cubic  centimeter,  at  0°  C. 
76  centimeters  I.  One  gram  (^15.43  grains  i  at  0"^  C.  76  centi- 
meters equals  11.11  liters  equivalent  to  678  cubic  inches 
of  hydrogen.  One  grain  of  hydrogen  at  60°  F.  and  30 
inches  barometric  pressure  equals  46.45  cubic  inches. 

Compared  with  other  gases,  hydrogen  is  absorbed  very 
slightly  in  water.  .\t  0°  C,  the  absorption  in  water  is 
0.00192  and  at  S0°  C,  the  absorption  is  0.00079  referring 
to  weight  in  grams  11.^  absorbed  in  1,000  grams  of  water. 
Hydrogen  becomes  liquid  at  a  temperature  of  minus  220° 
C.  when  subjected  to  a  pressure  of  20  atmospheres.  No 
matter  how  low  the  temperature,  the  pressure  must  be  at 
least  14  atmospheres,  and,  at  this  critical  pressure,  hydro- 
g(!u  liquefies  at  minus  240.8°  C. 

The  coetticicnt  of  expansion  of  hydrogen  due  to  tem- 
peratiu'e  changes  is  0.00366  per  degree  centigrade  at  a 
pressure  of  100  centimeters  of  mercury,  and  between  the 
temperature  of  1°  and  100°  centigrade.  This  coefficient 
of  expansion  should  be  particularly  noted  for  the  reason 
that  in  less  than  24  hours,  changes  in  temperature  of  72° 
F.  (40°  C.)  in  the  North  Temperate  Zone  are  not  unusual. 
A  lowering  of  the  temperature  40°  C.  reduces  the  volume 
of  gas  nearly  15  per  cent,  causing  a  kite  balloon  of  25,000 
cubic  feet  capacity  to  become  flabby  and  have  the  ap- 
pearance of  losing  3,200  cubic  feet  of  gas. 

Boyle's  law  states  that  for  a  constant  temperature  the 
volume  lit  gas  diminishes  in  direct  proportion  to  the 
pressure,   but  this  applies  only  to  ideal  gases,  of  which 
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propagation,  which  when  very  rapid  and  violent  is  called 
an  explosion.  The  flame  propagation  is  increased  when 
the  hydrogen  is  mixed  with  oxygen  not  diluted  with 
i  nitrogen  as  in  air.  Examples  of  this  power  and  effect  are 
occasionally  observed  when  hydrogen  and  oxygen  are 
accidentally  compressed  in  the  same  cylinder. 

VITRIOL  PROCESS. 

One  of  the  oldest  and  best  known  methods  for  hydrogen 
production  is  the  vitriol  process.  The  action  of  sulphuric 
acid  on  iron  or  zinc  evolves  hydrogen  as  shown  by  the 
following  chemical  equation: 

Fe-fHjSO,.     Aq=FeS0,-f2H. 

It  is  essential  that  dilute  acid  be  used  for  the  reason  that 
concentrated  sulphuric  acid  forms  a  film  of  sulphate  of 
iron  on  the  surface,  which  is  soluble  in  water  but  not  dis- 
solved by  the  concentrated  acid.  This  process  is  so  well 
known  that  a  detailed  description  here  seems  unnecessary. 
The  generating  equipment  can  often  be  improvised  by 
using  substantial  barrels  or  vats  of  wood  or  large  glass  or 
earthenware  carboys,  and  lead  pipes  for  conducting  the 
acid.  The  caution  to  always  pour  the  acid  into  the  water 
and  never  the  water  into  concentrated  acid  can  not  be 
repeated  too  often.  Furthermorp,  when  using  impro\iied 
equipment  or  even  specially  constructed  generators  that 
are  not  positively  gas  tight,  never  strike  a  match  or  carry 
an  open  light  such  as  a  lantern  near  the  generators. 

It  is  found  in  practice  that  the  washing  and  purifyini;  of 
the  gas  by  the  usual  methods  does  not  entirely  remove  the 
water  vapor  carrying  traces  of  sulphuric  acid,  which  is 
most  injurious  to  rubberized  balloon  fabrics;  for  this 
reason  the  vitriol  process  is  not  favored  when  it  is  practi- 
cable to  secure  hydrogen  by  other  processes,  but  if  it  must 
be  used  then  special  precautions  should  be  taken  such  as 
multiplying  the  number  of  washers  and   piu-iliers  and 


frequently  changing  the  lime  in  the  purifiers.  Fresh 
unslacked  lime  is  used  in  the  purifier  to  absorb  the  moisture 
charged  with  traces  of  sulphuric  acid  which  passes  out  of 
the  hot  generating  tanks.  The  lime  ((?aOl  has  a  great 
affinity  for  water  (CaO+noO=Ca  (OHV,)  changing  it  to 
slacked  lime  (calcium  hydroxide)  upon  absorbing  the 
water.  The  lime  also  combines  chemically  with  the 
sulphuric  acid  forming  calcium  sulphate  cJCaO+H^SO, 
=CaSO,+Ca  (OH),).  Greater  purity  of  hydrogen  can  be 
insiu-ed  when  the  weight  of  apparatus  is  unimportant,  as 
in  permanent  installations,  by  adding  in  series  more  puri- 
fiers containing  chemical  substances  such  as  caitstic  ?oda 
CNaOII)  and  calcium  chloride  (CaCU)  both  of  which  have 
property  of  absorbing  moisture  which  is  carried  along  with 
the  hydrogen. 

In  order  to  determine  the  quantities  of  chemicals  re- 
quired to  produce  a  certain  quantity  of  hydrogen  by  any 
proce.s8,  apply  the  atomic  weights  of  the  elements  in  the 
chemical  equations  in  the  manner  shown  below;  for  exam- 
ple, making  the  object  of  the  computation  1.000  c\ibic  feet 
of  hydrogen,  it  is  necessary  to  determine  first  the  number 
of  cubic  feet  of  hydrogen  in  1  pound  of  the  gas.  This  is 
found  to  be  about  178  feet  by  taking  12.388  cubic  feet  of 
air  as  weighing  1  poimd  and  considering  air  as  14.4  times 
heavier  than  hydrogen,  which  (igures  are  sufficiently 
accurate  for  this  piu^iose. 

Example:  Fe  +  ll.SiO,  =  FeSO,  +  H,  .5.5.84  +  (2  +  32 
+  64)  =  152  +  2 

Then  by  proportion 

356  cu.  ft.  H  :  1000  cu.  ft.  ::  55.84  lbs.  Fe  :  X 
X  =  157  11)8.  iron. 

Similarly  for  sulphuric  acid 

356  ;  1000  ::  08  ;  X 
X  =  275  lbs. 

It  is  seen  from  the  foregoing  that  157  poiuids  of  iron  and 
275  poimds  of  sulphuric  acid  are  theoretically  required  to 
produce  1,000  cubic  feet  hydrogen,  but  in  estimating  or 
piu-chasing  these  materials  it  is  always  advisable  to  in- 
crease the  amounts  by  at  least  5  and  better  10  per  cent  to 
allow  for  impurities  in  chemicals,  incomplete  chemical 
action,  and  losses  of  gas  due  to  generators  and  pipes  not 
being  gas-tight  in  improvised  apparatus. 

The  atomic  weight  of  zinc  is  65  and  by  a  similar  chemical 
equation  it  is  foimd  that  theoretically  182.5  poimds  of 
zinc  and  275  pounds  of  sulphuric  acid  are  required  to  pro- 
duce 1,000  cubic  feet  of  hydrogen. 

Zn  +  ILSO,  .  Aq  =  ZnSOi  .  Aq  +  2H.  05  +  (2  +  32  +  64) 
=  161  +  2 

At  least  5  per  cent  should  be  estimated  above  the  theo- 
retical amounts,  for  supplies  of  zinc  and  acid.  Zinc  usu- 
ally contains  some  lead  as  impurity;  the  lead  is  not  ob- 
jectionable, but  on  the  contrary  is  said  to  assist  in  pro- 
moting rapid  chemical  combination  due  to  galvanic 
action. 

Using  only  the  quantities  of  iron  and  acid  according  to 
the  theoretical  computation  and  assuming  the  cost  of  iron 
turnings  at  2  cents  per  pound  and  acid  at  3  cents  per 
pound,  the  cost  of  materials  alone  to  produce  1,000  cubic 
feet  hydrogen  would  be  !jll.3'J. 


ELECTROLYTIC  METHOD. 

Ilyilrogeii  of  greatest  purity  i.s  obtained  in  commercial 
practice  by  the  electrolysis  of  water,  the  hydrogen  col- 
lecting on  the  negative  electrode  and  the  oxygen  on  the 
positive  elctrode  where  current  enters  the  cell.  A  direct 
current  of  electricity  is  passed  through  water  in  a  suitable 
cell  which  is  provided  with  pipes  for  collecting  both  ga.ses. 
The  electro-chemical  efiuivalent  of  hydrogen  is  0.0000104 
grams  per  coulomb  which  in  larger  units  amounts  to  nearly 
15  cubic  feet  of  hydrogen  for  a  cwrent  of  1,000  ampere 
hours.  The  theoretical  electromotive  force  required  to 
dissociate  water  into  its  constituent  elements  is  1.47  volts 
between  electrodes.  Therefore,  due  to  the  internal  re- 
sistance of  the  cell,  if  the  voltage  required  is  2,  then  the 
computation  shows  that  1  kilowatt  hour  of  electric  power 
will  produce  7\  cubic  feet  of  hydrogen. 

The  internal  resistance  of  cells  increases  with  the  dis- 
tance between  the  electrodes,  and  decreases  as  the  size  of 
the  elctrode  increases.  It  varies  also  depending  upon  the 
nature  and  specific  gra\-ity  of  the  electrolyte  in  the  cell. 

I'uredistilled  water  is  a  very  poor  conductor  of  electricity 
and  extremely  high  e.  m.  f.  would  be  necessary  unless  the 
conductivity  is  improved  by  adding  suitable  chemicals  to 
the  water.  Ordinarily,  jiure  caustic  soda  (NaOII)  is  used, 
liringijig  the  solution  to  specific  gravity  between  1.2 
and  1.25  at  60°  F.  It  is  found  experimentally  that  2^ 
[xmnds  of  chemically  piu-e  caustic  soda  are  required  to 
bring  1  gallon  of  distilled  water  to  1.25  specific  gravity. 
This  is  about  17  per  cent  caustic  soda  and  is  the  point  at 
which  the  solution  has  the  greatest  conductivity.  Adding 
more  caustic  soda  increases  the  internal  resistance. 
Caustic  potash  (  KOII)  may  also  be  used  for  electrolyte  but 
larger  quantity  is  required  and  the  present  cost  is  much 
greater  than  that  of  caustic  soda. 

There  are  two  general  types  of  construction  for  elec- 
trolyzers,  one  being  the  imit  type  which  consists  of  sepa- 
rate cells,  each  containing  the  positive  and  negative  elec- 
trodes, connected  electrically  in  .series;  the  other  general 
type  being  called  by  various  names,  "bi-polar,"  "haulti- 
ple-plate,"  and  "  filter-pre,ss  "  types.  These  electrolyzers 
are  usually  constructed  by  assembling  large  plates  very 
close  together  separating  the  positive  and  negative  elec- 
trodes by  sheets  of  asbestos;  where  110  volt  power  is  avail- 
able these  generators  have  60  pairs  of  plates.  The  advan- 
tage of  the  multiple  plate  type  over  the  unit  cell  type  is 
principally  lower  first  cost  and  less  floor  space  required. 
The  disadvantages  being  in  greater  maintenance  cost  and 
difficulty  of  preventing  leakage  of  gas.  Most  of  the  elec- 
trolyzers made  in  the  United  States,  both  imit  type  and 
bi-polar,  utilize  a  special  weave  of  asbestos  cloth  as  sepa- 
rator for  the  hydrogen  and  oxygen  within  the  cell.  The 
foreign-made  cells  at  F'ort  Omaha  have  a  very  fine  wire 
gauze  to  .-leparate  the  gases. 

The  quantity  of  hydrogen  produced  by  this  method  is 
proportional  to  the  amperage  passed  through  the  cell. 
For  the  American  made  electrolyzers  the  ciurent  varies 
from  35  amperes  to  1.000  amperes,  and  for  the  Siemens 
cells  at  F'ort  Omaha  the  normal  current  is  1,500  amperes. 
The  e.  m.  f.  required  for  each  unit  cell  or  for  one  pair  of 
plates  in  the  multiple  type  will  average  2  volts,  but  de- 


pends  entirely  upon  tlie  internal  resistance  ni  the  cell, 
which  in  turn  depends  upon  the  size  oi  the  electrodes,  dis- 
tance between  them,  nature  and  specific  gravity  of  the  i 
electrolyte  and   the  temperature.     It  is  observed  in  ]irac- 
tice  that  in  starting  the  plant  when  cells  are  cold   the  1 
e.  m.  1.  per  cell  is  often  more  than  :5t  volts,  which  reduces  I 
to  less  than  2  volts  after  the  cells  become  hot.  ; 

As  the  water  in  the  cells  is  convened  into  gas.  it  must  I 
be  replaced  by  pure  distilled  water.  The  quantity  being  j 
•5. 70  gallons  lor  1,000  cubic  feet  of  hydrogen.  It  is  i^el-  \ 
dom  necessary  to  add  caustic  soda  to  the  solution  and  then  I 
only  enough  to  replace  the  very  small  quantity  wliich  is  j 
carried  off  from  the  cells  by  the  moisture  with  the  hot 
gases,  but  even  this  vapor  may  be  condensed  and  recov- 
ered to  some  e.Ktent  by  moisture  traps  of  various  kinds.       | 

Most  manufactttrers  of  electrolyzers  in  the  United  States  I 
claim  an  output  of  ~\  cubic  feet  of  hydrogen  per  kilowatt 
hour.  .\s  shown  in  the  preceding  paragraphs,  tliis  means 
an  e.  m.  f.  of  not  to  exceed  2  volts  per  cell.  When  it  is 
possible  to  secure  electric  power  at  1  cent  per  kw.  h.  the 
cost  of  1,000  cubic  feet  of  hydrogen  lor  power  alone  is  SI. 57 
(a.ssuming  motor-generator  elhciency  of  85  per  cent,  and 
electrolyzer  efiiciency  of  7^  cubic  feet  hydrogen  per  kw.  h.  i 

The  electrolytic  plant  installed  l)y  the  Army  at  Fort 
(Jmaha  in  1908  consLst?  of  30  large  cells  made  l>y  ."Siemens 
Bros.  Co.  [Ltd.),  London,  the  normal  current  being  1.500 
amperes  and  the  voltage  varying  irom  4  to  2.2  per  cell, 
depending  on  temperature.  The  temperature  -should  be 
maintained  at  150°  F.  Higher  than  this  is  likely  to  dam- 
age the  insulation  and  produce  an  e.xcess  of  moisture  with 
the  gas.  Lower  temperature  increases  the  internal 
resistance  and  cost  of  electric  power  Each  ceil  produces 
23.1!  cubic  feet  of  hy<lrogen  per  hour,  a  total  ol  (i99  cubic 
feet  per  hour  lor  the  30  cells,  eqiuvalent  to  l(j.77(i  cubic 
feet  per  day  ol  24  hours  for  the  plant. 

SILICOL  PROCESS. 

The  production  of  hydrogen  by  dropping  ferrosilicon 
into  hot  caustic  soda  is,  in  the  French  and  British  armies, 
known  as  the  "silicol"  method;  in  Germany  it  is  called 
the  Schuckert  process,  and  for  many  years  the  details  of 
it  were  carefully  concealed. 

The  chemical  reaction  producing  hydrogen  is  between 
silicon  and  caustic  soda  without  any  change  in  the  iron. 
The  following  chemical  equation  will  serve  to  explain 
the  process:  Si+2NaOH-f  2H.O  =  Xa^Si03+4H-f  H.O.  In 
Germany  it  was  customary  to  use  pure  or  nearly  pure 
silicon.  In  France  this  method  was  developed  for  the 
military  service  by  ("apt.  LeLarge  and  Dr.  .laubert.  their 
generating  apparatus  being  designed  in  three  types,  viz: 
Autotruck  transportable  size,  semifixed,  and  for  perma- 
nent installations.  Ferrosilicon  is  used,  being  more 
easily  secured  and  at  leas  cost  than  pure  silicon  as  in  the 
Schuckert  generators.  The  steel  industry  in  this  country 
uses  large  quantities  of  ferrosilicon  containing  50  to  75 
per  cent  silicon.  Experiments  have  shown  that  more 
satisfactory  chemical  action  is  secured  by  ha\ing  the 
silicon  content  80  to  85  per  cent.  Commercial  caustic 
soda  of  97  per  cent  NaOH  is  suitable. 

Except  in  very  cold  weather  the  mixing  of  caustic  soda 
wdth  water  produces  sufficient  heat  to  start  the  chemical 
combination    of    silicon    and    soda.     It    is    necessary    to 


agitate  the  solution  constantly  to  secure  best  results  and 
avoid  sudden  generation  of  large  quantities  of  gas  of 
explosive  violence.  The  .solution  resulting  from  the 
chemical  combination  is  sodium  silicate,  which  may  be 
easily  drawn  off  at  the  liottom  of  the  mi.xing  tank. 

According  to  the  chemical  equation,  the  production 
of  1,000  cubic  feet  of  hydrogen  would  require  ■'^9.() 
pounds  of  pur"  silicon  and  112..')  pounds  of  pure  caustic 
soda.  The  actual  quantities  which  should  be  supplied 
depend  upon  the  silicon  content  of  the  ferrosilicon  and 
the  percentage  of  punty  of  the  cau.stic  soda.  .\n  experi- 
ment conducted  for  the  army  determined  that  58  pounds 
of  80  per  cent  ferrosilicon  and  125^  pounds  caustic  soda 
would  produce  1,000  cubic  feet  hydrogen.  Ferrosilicon 
at  15  cents  per  pound  and  caustic  soda  at  3  cents  per 
pound  would  bring  the  total  cost  for  materials  to  i;i2.4G 
per  1,000  cubic  feet. 

Ferrosilicon  may  be  stored  without  deterioration  by 
moisture  and  without  any  special  precaution  for  its  care. 
The  caustic  soda  must  be  protected  from  moisture  and  is 
usually  supplied  in  air-tight  drums  containing  100  pounds. 

In  connection  with  silicol  generators  there  are  required 
washers  and  purihers  to  :emove  from  the  gas  the  hot  vapors 
carrying  caustic-soda  solution.  Field  generators  of  this 
process  should  always  Ije  set  up  for  operation  near  a  stream 
or  other  ample  supply  of  water.  It  is  pos,sible  to  design 
the  generating  equipment  with  radiators  for  cooling  the 
circulating  water  for  situations  where  water  economy  is 
important. 

IRON  CONTACT  PROCESS. 

The  iron  contact  process  for  production  of  hydrogen  is 
often  referred  to  as  the  regenerative  ateam  and  iron  method, 
the  principle  being  that  when  steam  pa.sses  over  red-hot 
iron  it  is  tlecomposed  into  its  constituent  elements,  the 
iron  absorbing  oxygen  from  the  steam  and  the  hydrogen 
collected.  The  chemical  reaction  is  represented  by  the 
equation: 

2Fe+3H,0  =  Feo03+6II. 

To  utilize  this  principle  commercially  it  is  nece.ssarj'  to 
reduce  the  ferric  oxide  back  again  to  metallic  iron  which 
can  be  done  by  passing  carbon  monoxide  over  the  iron 
oxide,  the  carbon  monoxide  (00)  taking  an  atom  of  oxygen 
from  the  iron  becomes  carbon  dioxide  (CO,)  represented 
by  the  following  equation: 

3CO-t-FeA=2Fe-f3CO,. 
The  commercial  equipment  for  production  of  hydrogen 
by  the  iron  contact  process  utili/.es  the  well-known  water- 
gas  process  for  making  the  carbon  monoxide  which  is 
needed  to  reduce  the  iron  from  the  o.xide  to  pure  metallic 
state.  The  water-gas  generator  is  filled  with  coke  which 
is  heated  to  redne.«s  by  a  blast  of  air  for  very  brief  period. 
WHien  steam  is  turned  on  to  this  red-hot  coke,  it  is  decom- 
posed: the  hydrogen  freed  from  the  oxygen  is  combined 
with  the  carbon  of  the  coke,  forming  carbon  monoxide 
j  (('O).  The  water  gas  consists  principally  of  hydrogen 
and  carbon  monoxide,  but  must  be  passed  through  washers 
and  puritiers  to  remove  dust  and  particularly  sulpliur- 
retted  hydrogen.  .Sulphur  is  removed  by  pas-sing  the 
gas  over  trays  of  iron.  The  purified  water  gas,  usually 
referred  to  as  ''blue  eas.  "  is  then  stored  in  a  holder,  avail- 
able for  use  as  reducing  agent. 


After  steam  has  passed  over  the  red-hot  iron  for  a  few 
minutes,  the  temperature  is  lowered  to  such  an  extent 
that  it  no  longer  deoompo?es  the  steam  and  it  is  then 
necessary  to  raise  Us  heat  and  at  the  same  time  change 
the  ferric  oxide  to  metallic  iron  by  tuminrr  the  blue  gas 
into  the  ovens.  The  period  of  heating  the  iron  and 
reducing  the  oxide  requires  about  twice  the  amount  of 
time  for  the  hydrogen  production  phase. 

Temperature  is  a  most  important  factor  and  must  be 
constantly  watched  in  all  phases  of  the  proce.ss.  In  the 
water-gas  generator,  if  the  temperature  is  too  low,  carljon 
dioxide  is  formed  instead  of  carbon  monoxide.  In  re- 
ducing the  ferric  oxide,  if  the  temperature  is  not  suffi- 
ciently high  the  reduction  will  be  only  from  the  ferric 
o.xide  F"e,03  to  Fejdj  or  at  still  lower  temperature  to  FeO 
instead  of  to  the  pure  metallic  Fe. 

The  reduction  ovens  are  originally  tilled  with  hematite 
(Fe.jO,)  which  should  be  as  porous  as  possible,  in  order  to 
expose  greater  surface  to  the  action  of  the  steam  and 
carbon  monoxide,  and  this  ore  should  be  free  from  sulphur 
compounds  and  other  impurities.  It  is  necessary  to 
replace  the  ore  in  the  ovens  about  ever>'  six  months. 

The  iron  contact  process  was  developed   lung  ago  by 
("outelle  and  perfected  by  (iiffard  in  France,  then  devel- 
oped  commercially   in    Kngland   liy    Lane   u.<ing  several 
retorts  for  the  iron.     In  (jermany  it  was  further  developed 
by    A.    Messerachmitt,    utilizing  one   large   regenerative  | 
oven  instead  of  many  small  retorts.     The  Mes.serschmitt  I 
regenerative    oven    is    patented    in    the    United    t^tates.  t 
The  patents  relate  only  to  the  oven  and  retorts;  the  stearn  I 
and  iron  process  is  not  patented.     .Vt  least  two  lirms  in 
this   country'  install  iron   contact  plants,  which   produce 
.3,500  cubic  feet  of  hydrogen   per  hour      Plants  of  this 
size  and  type  are  now  under  construction  for  the  Xavv 
Department  at  Pensacoia,  for  the  .\rmv  at  Langley  field, 
and  for  a  private  hrm  near  Akron,  Oliio. 

Hydrogen  produced  by  the  iron  contact  p;ocoss  has  a 
purity  of  at  least  98  ^er  cent.  The  impurities  consist 
principally  of  nitrogen  and  carbon  dioxide  which  have  no 
deleterious  effect  on  balloon  fabric,  nor  are  these  gases 
inflammable.  It  is  claimed  that  hydrogen  can  be  pro- 
duced by  this  process  from  25  cents  to  75  cents  per  1,000 
cubic  feet. 

.\LU\nNUM  CAUSTIC  SODA  PROCESS. 

■ 

During  the  war  between  Russia  and  .Japan  both  armies 
used  field  hydrogen  generators  employing  the  chemical 
reaction  of  alkaline  hydrates  upon  aluminum.  .Sodium 
hydrate  (XaOH)  ordinarily  known  as  caustic  soda,  is  pre- 
ferred to  the  potassium  hydrate  on  account  of  the  lower 
cost  of  the  soda.  The  chemical  reaction  taking  place  is 
represented  by  the  following  equation: 

6NaOHH-2Al  =  Al,(OXa),+(;n 

The  generating  apparatus  was  constructed  in  two  tydes. 
one  of  small  size  installed  on  vehicles  for  rapid  transpor- 
tation, and  a  larger  size  called  "semi-lixed."  .\n  iron 
basket  is  tilled  with  aluminum  scrap,  lowered  into  the 
solution  of  caustic  soda,  the  cover  being  immediatelv 
clamped  to  make  it  gas  tight.  The  gas  passes  from  the 
generator  to  a  washing  and  cooling  device  wluch  removes 
the  traces  of  alkaline  matter. 


In  the  generator  'he  aluminum  i^  attacked  l>y  the  soda 
solution  with  great  energy,  the  gas  coming  off  rapidly  and 
the  liquid  heating  !o  the  boiling  point,  but  a.s  the  propor- 
tion of  free  .«o<la  in  the  solution  climmishes.  the  rate  l)e- 
comes  slower.  In  order  to  finish  the  gas  production  with- 
out delay,  the  generator  is  charged  with  caustic  soda  con- 
siderably above  the  theoretical  requirement. 

-According  to  the  theoretical  computation,  it  l''  found 
that  to  produce  1.000  cubic  feet  of  hydrogen  there  are  re- 
quired 2'2A  pounds  of  caustic  soda  and  51  pounds  of  alumi- 
num. With  caustic  soda  at  3  cents  per  pound  and  alumi- 
num at  .50  cents  per  pound,  the  cost  of  the  1.000  cubic  feet 
of  hydrogen  by  this  process  is  ?:?2.L*2.  The  actual  ((uantity 
of  materials  to  be  carried  will  l)e  con.siderabh-  in  excess  of 
275  pounds  and  the  cost  per  thousand  more  than  the  fore- 
going computation  indicates,  on  account  of  the  necessity 
for  using  an  excess  of  caustic  soda  and  the  fact  that  com- 
mercial caustic  soda  contains  impurities,  the  mo.'-t  com- 
mon grade  containing  only  77  per  cent  .sodium  hvdrate. 

The  aluminum  and  alkaline  method  has  the  advantage, 
of  requiring  about  20  per  cent  less  weight  of  material  than 
the  vitriol  process  and  both  materials  being  dry  are  easily 
transported  without  the  special  care  which  is  necessary 
for  the  transportation  of  sulphuric  acid.  Furthermore, 
the  hydrogen  produced  is  of  greater  purity,  does  not  con- 
tain volatile  hydrocarbons,  nor  the  dangerous  gases  pro- 
duced by  comljinations  of  hydrogen  and  arsenic. 

United  States  patent  was  issued  in  September,  1901,  for 
a  modili'^ation  of  the  aluminum-caustic-soda  process. 
The  inventor  prepared  the  matenal  by  pouring  molten 
caustic  soda  into  a  mass  of  aluminum  in  the  form  of  powder, 
filings,  or  turnings,  which  was  thoroughly  mixed  before 
the  mass  cooled.  This  mixture  of  material  must  be  kept 
in  sealed  containers  to  avoid  deterioration  due  to  moisture 
in  the  atmosphere.  Wlien  the  mixed  substance  is  placed 
in  water  the  chemical  reaction  produces  sodium  aluminate 
and  free  hydrogen,  probably  according  to  the  following 
equation: 

2Al+2NaOH-hxH,,0  =  Na,ALO,-hxH,0+:5Ho 
or 

2Al+(lXaOH  +  xU,0  =  Xa6Al,Oa  +  xH,0-f3H; 

HYDROLYTHE. 

■'Hydrolythe"  is  calcium  hydride  (CaH,)  manufac- 
tured by  heating  pure  metallic  calcium  in  retorts  con- 
taining hydrogen.  To  produce  hydrogen  it  is  on!v  neces- 
sary to  drop  the  granulated  hydrolythe  into  water.  Gen- 
erating eiiuipment  similar  to  the  ordinary  acetvlene  gaa 
outfits  are  suitable.  The  rea.son  hydrolythe  is  not  more 
extensively  used  is  on  account  of  its  high  cost.  About  10 
years  ago  the  Signal  Corps  purchased  a  sutlicient  quantity 
to  conduct  experiments,  which  conlirmed  all  claims  for  it, 
but  chemical  manufacturers  in  the  United  .'-^ tales  do  not 
produce  it  at  present.  It  will  be  seen  from  the  following 
chemical  ei|ualions  that  only  59  pounds  of  hydrol\-the  are 
re([uirod  to  produce  L.0(i0  cubic  feet  of  hydrogen. 
(■aH,-4-H,,()  =  (aO-|-4H. 

.Vt  SO  cents  per  pound  for  hydrolythe  the  cost  of  1.000 
cubic  feet  of  hydrogen  liy  this  method  would  be  $47.20. 

Pure  sodium  or  lithium  dropped  in  water  will  produce 
hydrogen,  and  it  is  possilile  to  make  hydrates  of  lithium 
the  same  as  calcium  which  will  similarly  produce  hydro- 


I 


^on  upon  i-ontact  with  watfr.  On  account  of  the  li'jht 
u-ci'jht  of  lithium  thi=  umiM  Kc  particularly  desirable  for 
Held  hx'droL'on  penoraiiou,  and  experiments  are  now  in 
progress  to  iletermme  whether  it  is  practicalile  to  manu- 
facture litliium  hydride  at  reasonalile  coft. 

Droppm?  pure  lithium  in  water  woulil  tlieoretically 
require  oniv  ^0  poimds  to  produce  l.OOd  culiic  feet  of 
h\drocen: 

L'r.i-II_,()=I.i_(i-i-L'Ii 

And  oi  litliium  hydride  I'lS  pounds  would  produce 
1,000  cuhic  feet  hydrogen; 

2Lim-II,0  =  I.i,O-4lI 

About  !')  \eai-s  at'o  an  American  manufacturer  proposed 
the  use  of  lead  compounds  having  CTeat  allinity  for  water 
known  a?  Hydrone  A,  H,  and  r,"  and  experiments  were 
couduclc<i  liy  the  Sitnial  Corps.  It  dcvelnped  that  the 
chemical  reaction  upon  chopping  the  substance  into  an 
alkaline  solution  was  so  Molcut  that  the  oxygen  of  tlie  air 
above  the  srenerating  tank  woulil  burn  ihe  ludrogen— the 
ignition  bein?  due  to  heat  of  ihe  chcinu'id  action.  This 
dilKi-iilty  v-a,-;  ox'ercome  by  nuinulaci.innLr  a  Inuer  '.-rade 
which  evo|ve<i  h\'dro2en  slowly.  The  low  grade  nialenal 
was  lirst  dr.ipped  into  the  generator  until  tlif  e-^capini;  ga-^ 
had  carrici  wnh  it  all  ox\i;en  above  ihe  water.  Ilicri  llic 
hii;li-'j:rade  substance  wa';  fed  int<i  ihe  '.'enerator.  ( )ii 
account  of  the  extreme  care  that  v  ;:-  necessary  to  nxoid 
explosions  with  this  method  and  thn  considerable  weight 
of  the  h\'.lr;)ne.  it<  further  de\ clopiiiem  for  held  hvdroL'en 
generation  ;n  the  army  «as  'lisconrinued.  tine  pound  of 
h>drotie  proluced  only  :.'.88  cubic  \vi  li\(lriiL'rn  at  a  cost 
of  i;\  cent.s  per  foot. 

HYDRCjGENITE. 

The  h\  droijenite  process  is  a  moclilicaiinn  of  Ih'.'  '■ilicnl '' 
proccess  alread_\-  described.  The  r\\,  ninal  substances  and 
reaction  are  liie  same  a>  the  silunl.  !  ut  the  inat(>rials  are 
prepared,  and  \\\M  in  .-omewhat  diifeient  maniiei.  I'nl- 
xen/.ed  fi-rro--ilicnn  iiiid  eauslic  -•■•ia  properlv  pinpor- 
tioned  are  i!icjrou>rhl\  mixed  and  pveser\eil  in  heinietirally 
sealed  cart  rid  L'e-'.  each  containinir  -^^i  kihiirrams. 

The  held  L'enerators  to  use  these  eartridires  consist  of 
metal  container  slightly  larger  than  the  cartridge,  having 
a  lid  whicii  can  be  clamped  down  gas  tiL'ht.  .\lter  jilacing 
tlie  cartri{ii:e  in  the  apparatus  the  toj>  oi  the  can  is  ojiened 
and  tlie  mixed  powders  igniied.  .\round  the  inside  of 
the  cylindrical  burning  oven  in  which  the  cartridge  is 
placed  is  .1  trouL,'h  to  contain  a  nu/asured  ({uainity  of 
water.  The  heat  produced  by  ihe  burnius  of  the  chemi- 
cals ([uickly  converts  this  water  iiue  steam,  the  sili(.ou, 
soda,  and  water  combining  as  in  the  ])re\iously  sliown 
efiuation  ilescriblng  silicol  method. 

Ignition  may  be  started  by  a  fuse  or  ta])er  inserted  in 
the  powder  or  by  placing  on  top  a  small  riuantity  of  some 
easily  combustible  povvder  in  order  to  produce  sutiicienf 
heat  in  one  -^pot  to  start  the  combustion.  The  hydro- 
genite  burns  rapidly  and  without  Maine,  like  tinder;  a 
cartridge  of  .jO  kiloL'rams  being  consumed  in  aljout  10 
minutes. 

When  the  mixture  is  lirst  i-mted  ihe  air  111  the  <-h;unber 
and  product^s  of  combustion  are  ,,ermitted  to  escape  until 


the   pure  h\-drogen  appears.     The  gas  is  pa.ssed   throuch 
washiiii:  and  cooling  purifiers  before  being  used. 

It  i-  learned  that  even  willi  the  greatest  care  generators 
are  fiei(uently  destroyed  by  explosions,  for  which  reason 
the  process  is  not  in  general  use. 

HYDROGEN  FROM  W.ATER  GAS. 

-V  (German  chemist  developed  and  advocated  some 
years  aso  the  jjroduction  of  hydrogen  for  aeronautical 
purpo.'^es  by  hrst  manufacturing  water  cas  in  the  usual 
manner,  which  consists  principally  of  hydrogen  ;ind 
carbon  monoxide,  passing  tlie  water  gas  over  red-hot 
calcium  carbide  in  the  form  of  powder.  The  hot  calcium 
carbide  decomposes  the  carbon  monoxide,  forming  lime 
M'aOi  and  lea\-ing  carbon  in  the  form  of  cri-stalline 
sraiihite.  The  inventor  claims  that  minor  imi)urities  in 
the  water  gas  are  almost  entirely  removed  in  the  reaction. 
|>roducin!;  hydrogen  of  99  per  cent  purity.  The  re|)ort 
further  stated  that  generating  Cfniipment  was  devised  to 
produce  70.000  cul)ic  feet  of  hydrogen  daily. 

Hydrogen  may  al.so  be  separated  from  w;iter  iras  or  coal 
g.is  by  the  fractional  refrigeration  ]iroce-s.  llydroL'en 
lii(uelies  under  i)re.ssure  at  lower  tem|)eratiire  than  other 
common  lm.-cs.  so  that  from  illuminatinL'  -a-s  luniiii:  a 
coii.-i<ler.d)le  percentage  of  hydrogen  it  is  [Kissible  to  < ool 
and  comi>ress  it  with  liquid-air  apparatus,  drawini;  off 
lirst  all  olhi'r  uM.ses  as  they  lif[uefy  and  lea-,Tn'_'  tlie  Indro- 
iren.  This  method  is  not  in  eeneral  use  lor  coinmeicial 
produciion  for  ihe  rea.son  that  other  methods  offer  more 
-iinple  and  more  economical  means  of  secunne  hydroLren. 

The  I'.lii-lrical  Review  (vol.  1(1)  rejMjrted  iIkii  M. 
r>'.\rMin\al  passed  coal  gas  pre\ioii,-ly  c.n^.led  to  nuuiis 
^0=  (  ihroiieh  a  I.inde  ll(|uid-,iir  nue  huie.  obiaiiiiiu,' 
.'..500  <uluc  feet  of  h\drogeii  jier  hour,  expendin;,'  11  lo 
!:>  h(Jise|,ower.  .\.ssuniing  coal  gas  to  co<t  >1  per  thou.-aiiil 
.111(1  i-oiiiainin'.'  oO  per  cent  hydroiren.  ihe  ,  ,„[  ,,1  nialeri;il 
•.\ould  be  about  ■>_'  |ier  tliou.sand  cubic  leet  hydrogen,  to 
u  Inch  niu.-l  be  uddecl  approximately  00  cents  ])er  thousand 
for  power.  |ilus  cost  of  expert  attendance. 

ALUMINUM-POTASSIUM   (  YANIDE   PROCESS. 

A  French  chemist  a  few  years  ago  advocated  the  genera- 
tion 01  hydrogen  for  aeronautical  purposes  by  mixing 
aluminum  tilings  with  pulverized  bichloride  of  mercury 
and  potassium  cyanide.  After  these  ingredients  are 
thoroughly  mixed  hydrogen  will  bo  produced  by  adding 
water.  The  powder  has  a  density  of  l.-i.'  and  must  be 
kept  in  hermetically  sealed  cans.  It  is  stated  that  exjjeri- 
ments  indicated  1.S7  pounds  of  this  material  were  required 
to  jfroduce  1.000  cubic  feet  of  hydrogen.  The  chemical 
reactions  which  take  place  should  properly  be  repre.-iented 
by  three  or  four  stages,  but  may  be  sulHciently  explained 
by  the  following  single  equation; 

(iKCX  -f  6H,()  +  -i.VI  -f  :3Hgi:i_,= 

•jKj.uOj  4- 1211  +  :iirg((;.\,,  -  .'AICI3 

ACETYLENE  PROCESS. 

In  1001  Mr.  H.  Houbon.  a  resident  of  England.  in\-cnted 
and  patented  a  process  for  making  pure  hydrogen  from 
acetyliMie.     lie    compressed    the    acetylene    to    o    atnios- 


pheres  in  a  Caillet  steel  bomb  and  ignited  it  by  electric 
spark.  The  carbon  precipitates  in  the  form  ol'  tine  soot 
leaving  the  pure  hydrogen.  It  is  stated  that  the  process 
is  without  danger,  and  calcium  carbide  lor  producing 
acetylene  is  very  cheap,  but  it  is  not  known  that  this 
process  has  ever  been  perfected  for  producing  hydrogen 
in  large  quantities  for  aeronautical  service. 

By  computation  it  is  found  that  ISO  pounds  of  calcium 
carbide  are  required  to  produce  1,000  cubic  feet  of  hydro- 
gen by  this  method. 

CJIj  +  Heat  =  2C  +  'iH 

IRON  AND  WATER  PROCESS. 

Recently  an  article  in  a  (ierraan  technical  journal 
described  a  new  method  for  securing  compressed  hydrogen 
of  great  ])urity.  So  far  as  known  it  has  been  employed 
only  in  laboratories,  but  it  may  be  dexeloped  later  on  a 
commercial  scale. 

Powdered  iron  is  mixed  in  water  in  a  vertical  steel 
cylinder,  the  liquid  being  sul)jected  to  a  [)re,ssure  of  IWO 
atmospheres  1-5.110  pnunds  per  square  inch)  anri  the 
temperature  raised  to  :',.jO°  <'.  The  chemical  reaction 
that  takes  place  is  siilliciently  explained  by  the  lollinving 
equation: 

2Fe  +  :!ll„(>  =  Fe.O^  +  (ill 

from  which  it  is  seen  ihut  uiuler  thi.s  great  heat  and 
pressiure  the  iron  coniliincs  wiili  the  o.xygen  from  the 
water,  and  the  hydrosren  may  lie  removed  at  the  top  of 
the  cylinder  already  compressed  for  storage  in  cylinders. 
The  iron  oxide  may  be  ea-sily  reduced  again  to  metallic 
iron,  which  is  facilitated  by  us  porous  condition,  due  to 
the  peculiar  manner  in  which  it  is  oxidized.  Hydrogen 
obtained  is  said  to  have  '■>'■)  per  cent  purity,  which  can  be 
further  increa.sed  to  lii),!>.")  per  cent  by  lieing  jxu'^sed  over 
charcoal.  \Mien  iron  contains  sulphur,  the  sulphur  is 
not  attaVked.  but  any  carliou  content  in  the  iron  i.s  con- 
verted into  carbon  monoxide. 


SILICO-ACETYLENE  PROCESS. 

The  .'filicides  of  claciiun,  l>arium,and  .-tronliiim  (''aSi^  ; 
BaSi^  :  Sr.Si,)  are  made  in  the  electric  furnace  similar  to 
the  manufacture  of  calcium  carbide.  When  calcium 
silicide  u  added  to  acidulated  water,  it  is  decomposed, 
leaving  silico-acetylene  in  solution;  the  calcium  oxide  is 
precipitated.  The  solution  is  drawn  off  and  evaporated, 
leaving  yellow  crystals  of  siUco-acetylene  Si, IT,.  When 
these  cr>-stals  are  added  to  alkaline  solution,  such  as 
caustic  soda  or  potash,  the  silico-acetylene  is  decomposed, 
evolving  hydrogen.  It  is  reported  that  h^'^  pounds  of 
silico-acetylene  are  required  to  produce  1,000  cubic  feet 
of  hydrogen. 

DECARBURATION  OF  OILS. 

About  four  years  ago  the  Scientific  American  described 
equipment  developed  by  the  (lerman  .Vrmy  for  the 
generation  of  hydrogen  by  the  method  of  decarburizing 
hydro-carbon  oils.  The  ajiparatus  was  <lesigned  for 
installation  on  two  railway  cars,  the  main  part  of  the 
equipment  consisting  of  two  gM  producers.  To  lire  up 
these  producers  to  the  proper  heat  nnpiires  from  one  to 
two  hours. 

The  producers  are  lilled  with  coke  which  is  heated  to 
rcdne.ss  by  air  blast.  Crude  petroleum  or  any  [letroleum 
distillates  are  first  vaporized  and  then  pa.s.sed  through  the 
producer  ovens  cdntaining  the  liot  coke,  which  decoin|)ose.s 
the  oil.  .\lter  aliout  JO  minutes  the  coke  has  been  reduced 
in  temperature  .'^o  much  that  it  i.s  nocessap.-  to  heat  it 
again  to  redness  l>y  hot-air  l)last.  This  retpiires  only 
two  or  three  minutes. 

The  gas  produced  is  pas.-ied  through  water  scrubbers 
and  purifiers  to  remove  sulphur.  It  contains  consideralile 
carbon  monoxide,  which  is  removed  by  jiassing  I  lie  gas 
through  an  oven,  the  details  of  which  process  are  not 
stated.  The  resultant  gas  is  said  to  lie  '-ts  i  per  cent 
hydrogen.  1.2  per  cent  nitrogen,  and  0.4  per  cent  carl  ion 
monoxide,  and  to  have  a  specilic  gravity  between  0.OS7 
and  0.092. 
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WHAT  DOES  THE  BALLOON  SEE? 

Look  :\t  the  panoramie  photosraplis.  Kach  battalion, 
etc..  n'eeivf'3  sonib. 

IJefore  all.  the  balloon  scos; 

I'll  The  enemy  artillery  concentrations,  the  emplace- 
ment and  extension  of  barrage  tire  an<l  enemy  <'.  P.  O.'s, 
and  of  an  enemy  gas  attack,  the  enemy  zones  where  the 
eneinv  does  not  tire  much,  the  rockets,  the  tanks. 

(/)!  The  Hashes  of  enemy  batteries,  also  the  smoke 
occasioned  by  their  lire.  The  superstructure  of  batteries, 
and  the  .salient  points  of  the  terrain  in  the  neighborhood 
of  the  batteries,  such  as  isolated  trees,  hedges,  crossroads, 
etc..  facilitate  the  immediate  adju.sting. 

(el  The  occupation  of  enemy  camps  and  I'.  C's  by 
the  appearance  of  smoke. 

i(/i  Koad  traliic,  railroad  lines  witlv  standard  and 
narrow  gauge.  The  niovinu;  columas  and  detachments 
are  ^■pecially  \isibli'  by  the  dust  which  they  throw  up. 
the  railroads  (standard  and  narrow  gauge)  are  visible  by 
a  stream  of  smoko- 

(e)  .VU  the  illuminating  sources,  such  as  sparkling 
metallic  parts  or  direct  light;  they  furnish  excellent  de- 
parture points  for  reconnaissance  and   the  la},-ing  out. 

(/)  Aviation   terrains  and   balloon  emplacements. 

((/I  friendly  troops.  batteru'S.  arul  •'.  P.'s  are  kept  in- 
formed regarding  the  state  of  their  camoullage. 


WHICH    ARE    THE    THINGS    A 
NOT   SEE? 


BALLOON    DOES 


((II  The  parts  of  the  terrain  where  the  balloon  itsidf  is 
not  seen. 

(b\  The  shifting  of  men  in  the  trenches  and  in  positions, 
infantry  or  artillery  working  at  intrenehmenta,  men 
mov^ng  in  small  number  in  the  open  terrain. 

HOW   MUST   TROOPS   HELP  THE   BALLOON? 

(n)  The  balloon  linds  out  whether  there  is  any  possi- 
bilitv  of  obscr\-ing.  It  can,  by  experience,  judge  the 
view  which  can  be  seen  from  the  balloon. 

{b)  At  once  establish  a  visual  liaison  with  the  infantry 
balloon,  making  the  visual  signals  very  slowly  liy  sepa- 
ratini;  thetn  clearly;  aim  carefully  at  the  car  of  the  bal- 
loon -a  dash,  5  seconds;  a  point.  2  .seconds. 

(ci  F^ntirely  make  use  of  the  proper  observation  con- 
ditions of  the  artillery  balloon;  often  \-isibility  and  time 
rapidly  become  bad.  The  batteries  must  thus  rapidly 
prepare  for  lire  and  shorten  the  ranging  by  an  accelerated 
precision.  The  balloon  can  simultaneously  ob.serve 
for  several  batteries. 

{(li  The  friendly  balloons  which  are  detache(i  and  go 
adrift  toward  the  enemy  must  lie  brought  down  by  lire  as 


soon  as  the  observer  has  jumped  out.  The  balloons  which 
would  come  to  land  must  be  kept,  owing  to  the  recuper- 
ation of  its  worthy  material.  Send  as  soon  as  possible  to 
the  balloon  section  the  materiel  (cards,  etc.)  which  might 
have  been  thrown  and  found  back.  Enemy  balloons  nor 
ours  must  not  be  broueht  down  when  they  go  adrift 
toward  the  interior  of  our  lines. 

DUTIES  OF  THE  BALLOONS. 

DUTY    CONCERNINT,    THE    ARTILLERY. 

(1)  Reconnoiter  the  enemy  batteries  and  mark  their 
position. 

(2)  Watch  the  activity  of  the  enemy  batteries  fire  by 
means  of  lights. 

(3)  Regulate  friendly  batteries  on  enemy  batteries, 
trenches,  campings,  localities,  roads,  and  animated 
objectives  and  observe  their  efficacious  fire. 

(4)  Look  out  for  the  important  artillery  objectives  and 
provoke  fire  on  these  objectives  by  telephone  message. 

(5)  Wrify  our  own  barrage  regarding  the  gaps  which 
there  might  be. 

(())  Announce  the  emplacement  and  the  barrage  exten- 
sidni,  and  the  (',  P.  O.  fire. 

(71  Combat  the  Meeting  objectives  by  means  of  obser- 
vation batteries. 

GENERAL    DUTIES. 

(ll  Olwerve  the  railroad  and  road  traffic  at  the  rear  of 
the  enemy  front, 

1 21  Ilel])  the  command,  up  to  the  infantry  company 
commander,  by  photographs  and  their  exploitation. 

(:>,)  Maintain  liaison  \rith  trench  posts  by  visual  signals. 

(4)  Transmit  the  illuminating  signals  which  have  been 
observed  and  the  requests  for  barrage  and  V.  P.  0.  to  the 
concerned  elements, 

{o)  Observe  the  battle  fiehl  during  action  and  keep  the 
liigh  command  constantly  posted  regarding  the  situation. 

(_())  Foresee  the  attack  se<'tor  and  the  beginning  of  the 
attack,  from  the  emplacement  and  the  intensity  of  fire  of 
the  enemy  artillery, 

7,  Designate  to  the  infantry  in  progression  the  ways  of 
approach  where  the  enemy  does  not  fire  much. 

(5)  Make  known  to  all  tlie  troops  the  hour  of  the  be- 
ginning of  our  own  actions  by  visual  signals. 

In  important  combats  the  balloon  will  observe  the 
battle  field  even  during  night 

EFFICIENCY  OF  THE  BALLOONS. 

In  clear  weather,  the  view  of  the  balloon  stn>lches  o\-er 
30  kilometers  behind  the  enemy  lines.  The  observation 
of  fire  may,  in  favorable  circumstances,  be  executed  on 
objectives  situated  up  to  10  kilometers  in  the  rear  of  the 
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onomy  liin's;  on  a  very  conspi(;uous  Dbjt'rtivo  up  to  15 
kilometers  and  morp.  The  immobility  of  the  terrain  per- 
mits to  pxai'tly  know  the  details  of  the  t'-rrain.  Thus 
advantage  is  especially  appreciable  for  the  obs'-rvation  of 
Hro.  The  exchinge  of  ideas  b"tween  the  observer  and  the 
command  or  the  battery  is  marie  ilirectly  by  telephone 
and  there  is  perfect  and  uninterrupted  understanding 
with  the  observer  The  balloon  is  less  independent  of 
the  wind  and  weath"r  than  the  arum-  It  is  without  pro- 
tection against  the  attacks  of  enemy  avions  and  against 
artillery  tire.  It  is  often  attacked  by  avions  and  artillery 
Had  weather  requires  an  extreme  tension  of  the  observer's 
forces  to  accomplish  the  missions  which  are  confided  to 


him  \'iolent  winds  and  electrical  discharees  expose  the 
worthy  materiel  and  the  observer  to  great  <langers  Thus, 
rational  use.  avoi.l  all  ascensions  which  are  not  strictly 
necessary  Slitihl  damages  of  the  great  covering;  of  the 
balloon  may  easily  cau.se  a  temporary  di.sableness 

The  troops  must  take  advantage  of  every  opportunity 
to  have  balloon  othcers  come  to  undertake  their  instruc- 
tion and  <letail  to  the  balloon  officers  from  other  arms 
The  ascensions  of  trooj)  officers  in  clear  weather  are  indis- 
pensable to  see  the  whole  layout  of  the  field  of  action  from 
an  observer  in  a  balloon. 

(Sii'nedi  OsTF.iiTAn. 
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MEMO.  REGARDING  LEAKAGE  OF  HYDROGEN  FROM 

BALLOONS. 


July  11,  1!)1S. 

1.  Investigation  of  leaky  balloons  by  small  hydrogen 
detecters  determines  that  a  large  proportion  of  leakage  is 
through  the  seams  instead  of  through  the  fabric  comprising 
the  panels.  ( Irganization  commanders  and  balloon  riggers 
are  particularly  cautioned  to  inspect  the  tape  covering  the 
seams,  replacing  with  new  tape,  carefully  and  thoroughly 
cemented,  whenever  the  edges  are  not  firmly  attached  to 
the  balloon  fabric. 

2.  Whenever  a  balloon  rerjuires  an  average  greater  than 
eight  cylinders  of  hydrogen  a  day  for  retilling,  the  company 
commander  should  investigate  the  cause  of  excessive  leak- 
age. If  the  seams  are  found  to  be  properly  cemented  and 
covered  with  tape,  next  e.xamine  the  automatic  valve 
adjustment.  The  wire  strand  connecting  the  valve  to  the 
top  of  the  ballonet  as  an  automatic  safety  device  should 
be  frequently  inspected  by  an  officer,  changing  the  length 
of  the  connecting  cord  so  that  the  valve  opens  just  as  the 
balloon  is  fully  distended  and  ballonet  empty;  olniously 
the  valve  must  not  open  before  nor  too  late  after  this  critical 
adjusting  (loint  is  reached.  This  is  accomplished  practi- 
cally \>y  carefully  observing  valve  and  ballonet  while  fully 
intlating  from  cylinders. 

3.  The  average  of  eight  cylinders  per  day  referred  to  in 
the  preceding  paragraph  is  only  a  rough  approximation. 
Days  when  a  ba  '.oon  does  not  ascend  and  no  extreme  of 
temperature,  the  evening  relilling  should  never  exceed 
two  or  three  r\-  iiiders;  whereas  if  the  balloon  has  made 
several  asccii^  l  >  maximum  altitude  on  a  hot  day,  the 
evening  re  I'-iug  of  16  or  17  cylinders  would  not  be  con- 
sidered excessive. 

4.  Probably  tho,greatest  cause  of  hydrogen  wastage  is  due 
to  lack  of  appreciation  on  the  part  of  company  personnel 
regarding  the  physical  laws  of  the  expansion  of  gases  caused 
by  increases  in  temperature  and  decrease  of  atmospheric 
pressure  as  the  balloon  ascends.  It  has  been  found  that 
some  companies  have  been  adding  hydrogen  in  the  morn- 
ing before  ascensions,  almost  tilling  the  balloon;  then  as 
the  balloon  rises  and  the  air  temperature  increases,  all  of 
the  hydrogen  added  that  morning  as  well  as  part  of  that  of 
the  relilling  the  previous  evening  is  lost  through  the  auto- 
matic action  of  the  valve.  The  only  condition  justifWng 
the  addition  of  gas  in  the  morning  is  when  bad  weather  con- 
ditions prevent  the  use  of  the  balloon,  and  at  the  same 
time  unusual  lowering  of  atmospheric  temperature  causing 
the  gas  in  the  balloon  to  condense  sutticiently  to  show  large 
outward  folds,  tending  to  increase  the  diffusion  of  air 
through  the  fabric  into  the  balloon.  On  warm  days  the 
balloon  may  be  quite  flabby  in  early  morning,  but  even  if 
it  remams  in  place  on  the  bed  the  increase  of  temperature 
expands  tlie  gas  sufficiently  to  open  the  valve  autmatically, 
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with  consequent  waste  of  hydrogen.  Officers  should  re- 
member that  a  lialloon  only  three-fourths  filled  early  in 
the  morning  will  be  fully  distended  at  4,000  feet  when 
cloudless  days  permit  the  sun  to  rapidly  heat  the  gas. 

5.  Practically  all  the  small  light  holes,  which  are  seen 
in  the  fabric  of  a  balloon  upon  inspecting  it  from  the 
inside,  are  caused  by  the  mineral  coloring  matter  in  the 
rubber  not  being  thoroughly  mixed  and  spread  evenly. 
Pure  rubber  without  coloring  is  transparent,  but  gas  does 
not  escape  through  it.  Every  inch  of  fabric  before  being 
made  into  balloons  is  thoroughly  inspected  at  balloon  fac- 
tories, each  light  hole  being  examined  by  a  magnifying 
glass  to  determine  whether  it  is  unpigmented  rubber  or  a 
spot  where  there  is  no  rubber.  In  case  of  the  latter  the 
place  is  marked  and  a  patch  put  over  the  hole  before  the 
fabric  is  made  into  balloon.  Small  holes  may  be  made  in 
balloons  by  careless  handling  and  in  shipment,  all  of  which 
should  be  covered  by  patches,  but  the  great  majority  of 
the  so-called  pinholes  in  balloons  which  are  reported  to 
this  office  are  simply  the  minute  spots'  of  transparent  rub- 
ber, which  do  not  cause  leakage  of  gas. 

<).  Strict  economy  in  the  transportation  of  supplies  from 
the  United  States  is  continually  being  enjoined  by  higher 
authority.  The  practical  application  of  the  instructions 
on  the  subject  to  the  balloon  service  will  soon  be  directed 
toward  an  inspection  and  inventory  of  equipment  in  the 
posse&sion  of  each  company,  following  that  with  disciplin- 
ary action  against  C  0.  having  property  in  excess  of  author- 
ized allowances.  Organizations  holding  any  surplus  are 
depriving  new  companies  of  much-needed  equipment. 

7.  At  this  period,  when  American  telephone  equipment 
is  gradually  replacing  French  equipment  for  balloon  com- 
pany communication  service,  it  is  imperative  that  aH 
requisitions  for  dry  cells  indicate  whether  for  American  or 
French  telephones  and  the  sizes  of  cells  desired. 

8.  Batteries  of  artillery  freijuently  lire  a  few  rounds  at 
some  enemy  position  which  can  be  observed  for  the  pur- 
pose of  determining  the  error  of  the  day  caused  by  changed 
atmospheric  conditions.  These  registering  shots  can  often 
be  observed  more  accurately  from  balloons  than  from 
ground  stations,  and  balloon  officers  should  endeavor  to 
serve  the  artillery  in  this  way  to  the  greatest  possible 
extent.  It  has  been  found  by  experience  that  cooperation 
of  this  nature  is  most  efficient  when  balloon  officers  indi- 
cate in  advance  on  all  battery  commanders'  maps  the 
prominent  landmarks  which  can  be  seen  clearly  from  the 
balloon;  then,  for  the  registering  shots,  the  battery  com- 
mander can  select  one  of  those  good  registering  points 
nearest  to  his  prospective  targets. 

C.  De  F.  Chandler, 

Colonel,  A.  S.  S.  C. 
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THE  LIFT  OF  HYDROGEN. 


The  terra  iift''  as  applied  to  airships  is  equivalent  to 
"buoyancy,"  and,  like  buoyancy,  when  applied  to  water- 
borne  ships  it  depends  on  the  considerations: 

1.  The  weight  of  the  ship. 

2.  The  weight  of  supportinc  medium  displaced  by 

the  ship. 

Here  the  analogy  between  water  and  air-borne  craft 
ceases.  For  in  the  case  of  water-borne  ships  (other  than 
the  submarine)  a  condition  of  equilibrium  always  pre- 
vails; if  the  weight  of  the  ship  is  increased  its  displace- 
ment is  increased,  the  water  line  being  altered,  but  a  state 
of  equilibrium  continues. 

The  airship,  being  entirely  surrounded  by  the  supporting 
me<Jium,  has  no  equivalent  to  the  alteration  in  water-line 
producing  equilibrium.  With  change  in  weignt  of  the 
<iisplaced  supporting  medium  the  airship  may  possess 
either  positive  or  negative  buoyancy. 

While  the  structural  weight  of  tne  ship  remains  constant, 
the  weight  of  medium  displaced  b)  the  ship  is  subject  to 
considerable  variation. 

Tije  following  aftect  the  buoyanc>  : 

1.  The  volume  of  gas  in  the  airship. 

2.  The  purity  of  the  gas. 

3.  The  barometric  pressure  of  the  air. 

4.  The  temperature  of  the  air. 

5.  The  amount  of  water  in  the  air. 

Of  the  five  matters  affecting  the  lift  of  an  airship  apart 
from  its  volume,  the  purity  of  the  gas  is  generally  to  be 
taken  to  be  the  most  signiiicant  factor,  but  the  combina- 
tion of  temperature  and  barometric  pressure  may  produce 
even  more  important  variations. 

The  maximum  purity  of  hydrogen  in  an  airship  does  not 
exceed  98  p&  cent  by  volume,  while  certain  chemical 
considerations  necessitate  the  deflation  of  the  airship  at 
80  per  cent  by  volume. 

Under  mean  atmospheric  conditions,  viz,  temperature 
55°  F.  and  barometer  29.5  inches,  the  lift  of  1,000  cubic 
feet  of  hydrogen  at  98  per  cent  purity  is  69.7  pounds, 
while  under  the  same  atmospheric  conditions  at  80  per 
cent  purity  it  is  56.8  pounds,  a  \ariation  of  12.9  pounds 
per  1,000  cubic  feet  of  volume. 

Now  turning  to  purely  atmospheric  effects,  1,000  cubic 
feet  of  9S  per  cent  pure  hydrogen  at  a  barometric  pressure 
of  31  indies  and  at  a  temperature  of  20°  F.  gives  a  lift  of 
78.6  pounds,  while  an  equal  volume  of  gas  of  tne  same 
purity  at  a  barometric  pressure  of  28  inches  and  a  tempera- 
ture of  80°  F.  gives  a  lift  of  63.2  pounds,  a  variation  of 
15.4  pounds  per  1,000  cubic  feet  of  volume. 

Having  lUustrated  the  variations  in  lift  due  to  (1)  purity 
and  (2)  to  atmospheric  changes,  it  is  perhaps  permissible 
to  state  that  while  the  lift  of  1,000  cubic  feet  of  hydrogen 
98  per  ceni  pure  at  a  temperature  of  20°  F.  and  under  a 
barometric  pressure  of  31  inches  is  72.0  pounds,  the  lift  of 
1,000  cubic  feet  of  hydrogen  .SU  per  cent  pure  at  a  tempera- 
ture of  ,30°  F.  and  under  a  barometric  pressure  of  26  inches 
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is  51.5  pounds,  a  variation  of  27.1  pounds  per  1,000  cubic 
feet,  which  represents  the  extremes  of  purity  and  atmos- 
pheric conditions  which  may  easily  be  met  with. 

Ha\-ing  dealt  with  the  general  principles  of  lift  and  illus- 
trated its  variations  by  some  examples,  tlie  question  will 
now  be  dealt  with  in  detail. 

PURITY  OF  THE  GAS. 

It  is  customary  to  give  the  chemical  composition  of  the 
hydrogen  in  an  airsliip  as  so  many  per  cent  piu-e.  This 
term  requires  definition.  By  the  percentage  of  purity  of 
hydrogen  is  meant  the  percentage  of  hydrogen  contained  by 
volume,  ns.tuming  the  impurity  to  be  of  the  sartie  density  as  air. 

\ow  it  will  be  seen  that  if  the  impurity  in  the  hydrogen 
is  air,  then,  since  air  in  air  is  without  weight,  the  relative 
lift  of  equal  volumes  of  impure  hydrogen  under  the  same 
atmospheric  conditions  is  in  the  same  ratio  as  their  hydro- 
gen contents  (by  volume). 

To  sum  up;  Lift  of  unit  volume  is  directly  proportional 
to  purity. 

ALTERATION  IN  LIFT  BY  BAROMETRIC  CHANGE. 

One  thousand  cubic  feet  of  pure  hydrogen  at  30  inches 
barometric  pressure  and  a  temperature  of  40°  F.  weighs 
5.55  pounds;  1,000  cubic  feet  of  dry  air  under  the  same 
atmospheric  conditions  weighs  80  pounds.  Therefore,  on 
the  basis  lift  is  the  difference  between  displaced  weight 
and  displacing  weight — 

80  —  5.55  pounds=Lift  of  1,000  cubic  feet  of  pure  hy- 
drogen at  30  inches  barometer 
and  40°  F. 
=74.45  pounds. 

Now  assume  that  the  temperature  remains  constant,  but 
that  the  barometer  changes  to  31  inches.  Then,  by  the  ap- 
plication of  Boyle's  law,  it  mil  be  seen  that — 

8<)x31_5^><31^1ift  per  1,000  cubic  feet  of  100 
30  30  per  cent  pure  hydrogen  at  31 

inches  barometer  and  40°  F. 
=82.6  -  5.73, 
=  76.93  pounds. 

But  the  above  is  an  unnecessarily  complicated  way  ol 
arriving  at  the  desired  result,  for  the  mathematical  exjire- 
sion  may  be  simplified  to — 

31 

^g  (80-5.55) 

31 
=  30  (■-'•"S)  , 
=  76.93  pounds. 

But  74.45  pounds  is  the  lift  of  1,000  cubic  feet  of  hydro- 
gen 100  per  cent  pure  at  30  inches  barometer  and  40°  F. 

Therefore  the  rule  may  be  expressed:  Lift  of  urdl  vol- 
ume is  directly  proportional  to  barometric  pressure. 


■i) 


ALTERATION    IN     LIFT    BY    THKRMOMETRIC 
(  HANGE. 

]{y  thcdircrt  appluatiim  (II  I  liarles  s  law  it  cau  In'  .-lioun 
Ihal:  I.iJI  nj  unit  ntliiiiu  is  mnrsfli/  iniijiiirtniiiiil  I"  llic 
nhsolutf  tim i>frnt}tre. 

To  suininarizp  tho  throp  riilfs  which  ha\i'  alreaiK  l>i'rn 
stated: 

1.  Lilt  of  iniit  \olume  i.s  direi.'tly  pn>|i(irtioiiul  tn 

ymri/i/. 

2.  Lilt  ot  unit  volume  Li  dirpclly  pniportiniial  to 

barnmetric  pressure. 
■^    Lilt  of  unit  voliimp  13  invprsely  ]iro[iorlional  to 
nhsohite  trin ptrnturr. 
From  thp  aho\-p  the  foUowini:  formula  mav  lip  ilpdiirod 
to  i^ive  the  lift  of  I.IIOO  fubie  feet  of  hydroi;en  under  any 
romlition  of  purity,  teniporature.  or  haronietpr: 
Lift  ppr  1,000  cubic  feet  in  pound3= 

7-1.45  A  per  cent  puntyX  barometer  in  inches  .<  500 

100x:50X  (-IGO+temperature  in  degrees  F.). 

12.41Xper  cent  purity X barometer  in  inches 

460+temperature  in-degrees  F. 

THE  TEMPERATURE  OF  THE  GAS. 

In  the  formula  uhich  has  been  given  it  has  lieen  a.^sumed 
1  hat  the  temperature  of  the  gas  is  the  same  as  the  teinpera- 
lure  of  the  air — a  conditiim  which  generally  prevails  in  the 
airship  shetl.  but  during  Might  there  is  frequently  a  mate- 
rial difference  in  temperature  between  the  two.  This 
ilil'ference  arLses  in  two  ways. 

1.  The  effect  of  sun  on  the  gas  Ijag. 

2.  The  effect  of  a  quick  descentafterflyingforai  nn- 

siilerable  time  at  a  high  altitude. 

In  the  lirst  case  the  sunlight  striking  the  gas-bag  fabric 
causes  this  to  rise  above  the  air  temperature,  the  lieat 
being  in  course  of  time  transferred  to  the  gas  itself.  The 
gas  then  (,'.Kpandsin  accordance  with  Charles's  law  Now 
ill  rigid  airships  if  the  gas  bag  is  not  full,  or  in  nonrigid 
ships  if  there  is  air  in  the  ballonets.  this  expansion  will 
cause  a  greater  volume  of  air  to  be  displaced  and  imise- 
ijuently  an  increase  in  lift  to  take  place. 

For  example:  At  40°  F.  and  100  per  cent  purity  1,000 
cubic  feet  of  hydrogen  w'eighs  5.55  pounds,  and  1,000  cubic 
feet  of  air  under  the  same  atinos[iheric  conditions  weighs 
SO  pounds.     Hence  the  lilt  ppr  1.000  cubic  feet  is. 
80  —  5.55  pounds=74.45  pounds. 

Now  assume  that  the  temperature  of  the  gas  n.sps  10 
50°  F.  Its  \olump  iiislpad  uf  lieing  1,1100  (  ubir-  fcpl 
will  bp  - 


1.00(J-5I() 
.5,000 


■ubic  fpp|  =  I  .Ol'O  cubic  fpct. 


But  its  weight  is  still  5.55  pounds,  although  the  weight 
of  air  displaced  is  not  the  same;  for  in3tea<l  of  1.000  cubic 
feet  being  displaced  1.020  cubic  feet  are  displaced,  which 
weigh : 


SOX  1.020 


pounds=.sl  ()  |(ounds 


1,000 

So  the  lift  "1  the  ordinal  1,000  cubic  feet  of  ga.s  bpcomps 
Bl.ti  — 5.55  pounds  =  7()  05  iioumls. 


Tlii.^  dllcration  111  hit  b\  diU'crpnce  in  temperature  of 
the  i.'a--<  mav  at  first  .-iL'ht  ,ip|iear  to  be  of  more  acadomi(.' 
inlprp'-r  bul  in  lanj-p  air.^hips  this  is  certainly  not  the  case 
Take  the  cu.^e  I'l  .1  Ze|ipp|in  of  1.250.000  cubic  feet  maxi- 
mum c-.ipacii\  I  uiiiainiii'.'  iiid\-  1 .000.000  cubic  feet  of 
lixdroL'en  Tlip  -hip  i-  iKim.'  in  equilibrium  when  the 
-.lui  cc.mes  oiii  anil  cau.--es  ihe  gas  temperature  lo  risp  from 
to-  1'  lo  .'lO^  I'  Then  :is  has  ahead)  been  "ppu.  ihp 
lift  of  ihe  i:as  is  iiicrea,«i'<l  1  (i  pounds  lor  every  thousand 
cubic  leet  of  i.'as  in  the  .-hip  at  10^  V . ,  but  the  volume  of 
the  L'as  was  a.-sumecl  lo  be  1,000.000  cubic  feet;  therefore 
the  lift  of  the  .-hip  will  be  increased  — 

1  000  ■  I  »i  ii,,uiids=  1.500  pounds. 

Thi^  alh'iatioji  iii  lift  durim,'  IliL'ht  in  large  airships  is  of 
considerable  importance,  and  it  is  (-onsequently  necessary 
that  the  pilot  ,-houlil  always  be  acquainted  with  the 
relative  temiHTature  of  the  gas  and  air.  for  which  purpo.se 
electric  thermometers  are  now  littecl  inside  the  .gas  bag, 
recording  in  the  car. 

THE  AMOUNT  OF  WATER  IN  THE  AIR. 

'rhouL'h  It  may  not  apjx-.ir  of  ini]iortancp.  the  humiclity 
of  the  ,itmo.s))herp  has  a  cprtain  effect  on  the  lift  of  h\- 
driiL'en.  The  i.Teater  ihe  amount  (.f  water  vapor  in  Ihe 
almo.-]iliere  tlii'  le>.^  ihe  weiL;hl  of  unit  volume  of  air. 
con.seqneiilly  the  less  Ihe  lift  of  unit  \'oluine  of  hydrogpn. 
for  thr' dilfpii-nce  between  di.splaced  and  di,s]>Lu  ing  weight 
IS  less 

This  .dleralinn  in  lift  due  lo  huniKlity  is  not  very 
inalprial.  as  il  <lops  not  generally  <ause  a  difference  m  lift 
of  more  than  0  :)  pound  per  1.000  cubic  feet  of  gas.  IIow- 
e\ir.  m  the  case  oi  lift  tnals'  .some  adjustment  must  be 
made  lor  huiiudity  of  the  atmos|ihprc.  This  adjustment 
can  most  ca.sily  be  made  by  ob.ser\ing  the  difference  lu 
lein)ierature  between  the  wet  and  dry  iherinometer  and 
then  employiiii;  .m  empirically  compiled  table  which 
U'Ues  the  necps.siir\   adjustment  per  1,000  feel  of  ■^'as. 

'  THE  LIFT  OF  AIRSHIP.S. 

[       ."-^o  far  the  lifi  ..1  h\(lrogeu  and  the  phenomena  which 

alfpc  I    It    ha\p   nidy    been   di'alt   with.      .Now    ihe   lift   of 
,  airships   will    be    coiisidereil        Before   dealing   with    this, 

two  tprnia  rp(|Uirp  dptiniiion    ( Ine,  a\ailable  lift,  the  other 
:  disposable  lift. 

Aku/iiMi  li/l. — .\\ail.ible  lilt  IS  Ihe  total  lift  of  the  gas  in 

the  air.ship 

bisjiitsnt'li  lijl  — |)i.-.pos;ilile  lift  is  the  difference  between 

ihp  .ixailablc  lift  and  the  fixed  weight  of  the  airship. 
The  di.s])o.s;ible  lift  is  that  buovance  which  is  available 

for  carrxim;  fuel.  oil.  crew,  and  ballast. 

.\s  will  be  .seen,  both  the  axailable  lift  anil  the  dis- 
!  i»o.s;ible  lift  will  vary  with  temperature,  barometer, 
j  humidit)-.  and  i)urity.  Consequently  a  custom  has 
I  on.L:inaied  in  classifying  airships  on  their  available  lift, 

assumiiiir  the  .ship  to  be  100  jier  cent  full,  with  hydrogen 

95  per  cpiit  jiurc.  the  barompter  being  2!1  5,  the  Ihermom- 
I  Pter  ^y'l-  V     ;inil  ihp  ;ur  dr\-. 

j  I'mm  ihp  formula  for  lift  already  given,  or  by  means  of 
;  the  Scoii-Teed  "  slide  rule,  it  can  be  calculated  that  the 
I  lift  of  '_'as  under  ihe.-ie  condiiions  is  07  7  pounds  per  1,000 


cubic  feet.     Thun  tin-  tDUiiaLrc  .if  existiiiL'  rlaasca  ot  Enjlisli 
airships  are- 

.V.  .>>.— 

<iOXtJ7  7 
„  .  l(iiis=l.Sl  Ions, 


ISO  X  07 
J.240 


-V.  .S-. 


:iGOX67 


ton.s  =  5  7)9  tuns. 


toMS=  II)  8S  lulls. 


In  liiulclui','  airslups  llu'ir  <iisp(is;ihli'  lil'l  under  ihe 
iiindiliiins  ul  purity,  huniiilily.  haroiiieler.  and  lempera- 
irue  already  mentioned  is  generally  spei'ilie<l,  but  when 
ihe  di.spo.salde  lift  is  taken  iiraclKallN  it  is  improbable 
Iluil  all.  if  any.  of  the  .specilied  lun.iilinns  I'xist;  conse- 
((Uently  the  practically  oblaiiied  liuurc  must  be  converti/d 
by  .simple  mathematics  lo  what  it  would  have  been  had 
the  conditions  of  the  .specification  ]>re\ailed. 

To  convert  <lispos;ible  lift  from  one  set  of  condilioiis  to 
another  the  followiii!;  must  lie  known 

1     I)i.s()o.sable  lift  on  the  ofrasion  oi  the  inal 

L'.   Temperature  on  Ihe  ocrasi >i  tin-  Inal 

:i.   Purity  of  i^as  on  Ihe  occasion  oi  tlu'  inal 
■I.    Barometer  on  the  occasion  of  the  Inal 
.').   Humidity  of  ihe  air  on  ilic  o.i  a.^iou  of  the  irial 
I).   \'ohime  of  the  gas  or  lived  weight  of  shi]i  on  Ihe  occa- 
sion of  the  trial. 

To  take  an  examiile 

Let  It  be  a.ssuiiie<l  thai  liv  |iraiiical  Inal  '.I  Ions  was 
found  to  be  the  dispo.s:dde  lift  of  a  nulliou  cubic  fool  air- 
ship. 100  per  cent  full  of  h\drogen  IIS  per  ceiil  ]iure,  when 
llie  barometer  was  :!l)  inches,  ihe  lemiieralure  10^  1'.,  and 
Ihe  humidity  of  ihe  ainiosphere  neudlelble  ll  is  re(|uired 
lo  know  what  would  be  ihe  c|i,s|io.Nible  lill  under  ihe 
L.'eiierallv  specilieil  conditions — namely,  100  per  cent  full 
of  hydrogen  115  per  cent  pure,  when  Ihe  barometer  is 
1!',).5  inches,  tlie  teiiiperalure  7i,"i°  F  .  au<l  the  humidity 
negligible 

The  first  thing  lo  be  done  is  lo  deiiTiuine  the  l.ilal  hit 
on  the  occasion  of  the  jiraclical  Inal 

Ry  means  of  the  lift  formula  alrea<ly  gi\en.  or  by  means 
of  the  "Scott-Teed"  slide  rule,  determine  the  lift  per 
1,0<)0  cubic  feet  of  ga.s  on  the  occasion  of  the  trial  This 
will  be  found  to  be  73  pounds  per  1,000  cubic  feet 

Now  the  volume  of  the  ship  is  known  to  be  1,000.000 
cubic  feet.     Therefore — 

73X1.000  ^        .      .  .,  ,  ,    ... 

— r-^TTi —  tons  IS  the  available  lilt. 
2.1:40 

=32.-59  tons 

Now  the  dispo.s;ible  lift  of  tlie  ship  was  found  by  trial 

to  be  9  tons.     Therefore— 

32. ■50  —  !)  tons  is  the  weight  of  the  ship, 

=  23.59  tons. 

Now  by  means  of  formula  or  slide  rule  deiernuue  the 

lift  per  1,000  cubii'  feet  of  hydrogen  under  the  conditions 

of  the  specilicalion       This  will  be  found  to  be  (17.7  ]ioiinds 

Therefore  under  die  couditinns  of  the  speiilication — 

1)7.7X1,1)00 


2,2-10 
=30.22  tons. 


tons  lu  ihe  a\ailable  lift. 


Hul  the  lixeil  weight  of  the  ship  was  found  to  be  23.59 
lous      Therefore — 

.»  22  — 23.59  tons  is  the  dispo,s;vble  lift  under  speci- 
hed  conditions. 
=  tj.(33  tons. 

IF   THE    FIXED    WEIGHT    IS    KNOWN    BUT    NOT   THE    VOLUME 

In  the  example  which  was  taken  the  volume  of  the  .ship 
was  known  but  not  its  lixed  weight.  Now  let  it  be 
a.ssiimed  that  the  weight  was  known  but  not  the  volume. 
Under  these  circumstances,  if  in  other  respects  the  same 
problem  was  to  be  solved,  the  procedure  would  be: 

Determine  the  lift  per  1.000  cubic  feet  on  the  occasion 
and  circumstances  of  the  trial.  This  would  be  73  pounds 
per  1.000  cubic  feet. 

.\'ow  the  weight  of  the  ship  was  known  lo  be  l'3  59  Ions. 
Tlierelore — 

23.59+9  tons  is  the  available  lilt  of  the  shi)). 
=  32.59  tons. 
Therefore — 

32. .59X2, 210  thousand  cubic  feet  is  the  volume  of 
73  the  ship, 

=  1.1W0  thousand  cubic  feet, 
=  1.000.000  cubic  feet. 

IF  NEITHER  VOLU-ME  NOR  FIXED  WEIGHT  \RK  KNOWN. 

Occasion  may  arise  when  it  is  desired  to  know  the  dLs- 
posable  lilt  of  an  airship  when  the  conditums  oi  the  speci- 
fications do  not  exist  and  neither  the  volume  nor  the 
weight  of  the  ship  is  known. 

Let  it  be  assumed  that  on  the  occasion  of  the  practical 
trial  the  dispo-sable  lift  was  found  to  be  9  tons  when  the 
ship  was  lOO  per  cent  full  of  gas  ot  96  per  cent  purity  and 
the  barometer  was  29.8  inches  and  the  temperature  30°  F. 

Determine  the  lift  of  1  000  cubic  feet  of  hydrogen  under 
these  circumstances  by  formula  or  rule.  It  will  be  found 
to  be  72.5  pounds. 

When  this  has  been  done,  it  is  necessary  to  wait  until 
some  of  the  conditions  have  altered.  Assume  on  a  later 
occasion  that  the  ship  is  100  per  cent  full  with  hydrogen 
95  per  cent  pure,  when  the  barometer  is  28,5  inches  and 
the  temperature  60°  F.  Take  the  disposable  lift,  which 
for  purposes  of  argument  will  he  a.ssumed  to  be  5  tons. 

Then  work  out  the  lift  per  1,000  cubic  feet  of  hydrogen 
under  the  conditions  prevailing. 

This  will  be  found  to  be  64.7  pounds  per  1,000  cubic  feet. 

Between  the  first  and  the  second  trial  the  disposable 
lift  has  altered  from  9  tons  to  5  tons,  and  the  lift  per  1.000 
cubic  feet  from  72,5  to  64.7  pounds. 

Xow  the  difference  per  1,000  cubic  feet  in  lift  on  the 
two  occasions  is : 

72,5  —  04,7  pounds  =  7.8  pounds. 

The  difference  Ln  disposable  lift — 
9  —  5  tons=4  ton3=8,960  pounds. 

Therefore  since  the  fixed  weight  of  the  ship  has  remained 
constant — 

8,960  is  the  volume  of  the  .sliip  in  thousands  of  cubic 
7.0        feet, 
=  1,148  7  thousand  cubic  feet, 
=  1,148,700  cubic  feet. 

The  volume  being  now  determined,  from  the  methods 
already  described,  it  is  jiossible  to  calculate  the  deposable 
lilt  under  any  conditions  whatexer. 

To  summarize,  the  following  are  necessary  for  the  con- 
version of  disposable  lift; 


UNDER  CONDITIONS  OF  UFT  TRIAL. 

Available  lift  100  per  cent  full -disposable  lift  found  = 
fixed  weight. 

UNDER    CONDITIONS    TO    WfflCH    DISPOSABLE 
LIFT  IS  TO  BE  CONVERTED. 

Available  lift  100  per  cent  full -fixed  weight=dii3- 
posable  lift. 

>JoTE. — Since  thia  memorandum  was  written,  very 
accurate  determinations  of  the  relative  weights  of  hydro- 


gen and  dry  air  have  been  made  by  the  British  National 
Physical  Laboratory,  with  tlie  result  that  the  lift  of  1,000 
cubic  feet  of  hydrogen  at  30  inches  barometric  pressure  and 
at  a  temperature  of  40°  F.  has  been  found  to  be  74.05 
pounds.  ( 'onsequently  the  lift  formula  should  be: 
Lift  per  1,000  cubic  feet= 

r2.,34Xper  cent  purityXbarometer  in  inches 
460-1- temperature  in  degrees  F. 

The  Scott-Teed  lift  slide  rule  ha.^  been  altered  in  accord- 
ance with  this  determination. 
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ELECTRIFICATION  OF  OBSERVATION  BALLOONS. 


DESCRIPTION  AND  METHOD  OF  APPLICATION. 


INTRODUCTION. 

An  observation  balloon  when  aloft  has  the  property  of 
collecting  charges  of  static  electricity  upon  its  surface. 
which,  because  of  the  fabric  being  nonconducting  will 
not  flow  to  the  ground  nor  equalize  itself  upon  the  surface 
of  the  envelope.  It  therefore  frequently  happens  that 
two  adjacent  areas  are  charged  to  different  potentials  and 
when  the  pressure  becomes  great  enough  it  will  break 
down  the  intervening  resistance  discharging  in  the  form 
of  a  spark.  These  sparks  not  only  burn  the  fabric  but 
may  even  cause  an  explosion  if  the  proper  mixture  of 
hydrogen  and  air  be  present. 

There  is  another  danger  to  observation  balloons.  The 
earthed  cable  carrjdng  the  same  potential  as  the  ground 
extends  far  above  the  ground  itself  and  terminates  a  short 
distance  from  the  basket.  Should  a  cloud  be  encountered 
with  a  static  charge  not  yet  sufTiciently  strong  to  leap  to  the 
earth  in  the  form  of  lightning  but  yet  strong  enough  to 
leap  to  the  end  of  the  cable  which  is  considerably  nearer, 
a  flash  will  take  place  between  the  cloud  and  the  upper 
end  of  the  balloon  cable.  This  would  in  all  probability 
wreck  the  balioon.  Such  dangers  as  these  are  to  be 
reduced  to  a  minimum  by  the  proper  electrification  of 
captive  balloons.  With  that  end  in  view  five  major 
principles  have  been  worked  out  which  may  be  summa- 
rized as  follows: 

1.  Good  electrical   connection   between   the  envelope 

and  the  Earthed  cable. 

2.  Discharger  system  connected  thereto. 

3.  The  bonding  of  all   projecting  metal   fittings  and 

their  connection  to  the  earthing  system. 

4.  Exclusion    of    moisture    from    the    interior    of    the 

envelope. 

6.  Effective  grounding  of  balloon  cable. 

In  considering  the  application  of  the  above  principles 
it  should  be  borne  in  mind  that  the  vital  question  of 
reducing  weight  to  a  minimum  will  seriously  conflict  with 
the  most  eSicient  arrangement  judged  from  the  electrical 
viewpoint  alone.  Therefore  it  has  been  considered  nec- 
essary to  fiuther  modify  the  plan  of  electrification  as  out- 
lined by  the  Advisory  Committee  of  Aeronautics  in  their 
report  of  February,  1919. 

1.    GOOD     ELECTRIC.U,     CONNECTION     BETWEEN     ENVELOPE 
AND    EARTHED   CABLE. 

The  envelope  should  be  equipped  with  a  single  band  of 
braided  copper  cable  running  from  the  valve  to  the  dis- 
charger and  from  the  valve  to  the  upper  end  of  the  metallic 
V.  The  braid  recommended  for  this  purpose  is  composed 
of  832  strands  of  No.  3G  wire  (B.  &  S.)  woven  together  to 
form  a  flat  braided  cable  1  inch  in  width. 

39016—21  (3) 


The  current-carrying  capacity  of  the  braid  is  about  half 
that  of  the  earthed  balloon  cable  but  is  considered  ample 
for  all  practical  purposes.  To  equip  a  balloon  with  a  braid 
whose  current-carrying  capacity  is  equal  to  that  of  the 
cable  would  necessitate  the  addition  of  an  excess  amount 
of  weight.  A  conductor  of  such  capacity  is  unnecessary, 
as  a  current  in  excess  of  50  amperes  flowing  in  the  cable 
would  never  occur  except  during  a  lightning  flash  in 
which  case  the  balloon  would  undoubtedly  be  injured. 
The  purpose  of  electrifying  these  balloons  is  not  to  provide 
a  path  for  lightning  discharges  but  rather  to  prevent  so 
far  as  possible  such  a  discharge  taking  place  by  continu- 
ally draining  off  the  static  envelope  charge  and  the  charge 
in  the  surrounding  atmosphere. 

The  braided  conductor  is  sewed  securely  to  strips  of 
2-inch  tape,  which  in  turn  are  cemented  to  the  envelope. 
The  stitching  should  be  of  zigzag  or  wave  form  extending 
the  width  of  the  braid  so  as  to  allow  for  a  reasonable 
amount  of  stretching.  At  the  discharger  end  of  the  braid 
10  inches  should  be  left  unsewed  to  allow  for  connecting 
to  the  discharger. 

2.   THE    UlSCHAEQER. 

The  discharger  consists  of  a  leather  cone  12  inches  in 
height  with  one-fourth-inch  edging  at  the  base.  The 
radius  of  the  base  should  be  6  inches.  The  discharger  end 
of  the  braid  should  be  secured  to  the  cone  so  as  to  allow 
at  least  2  inches  to  project  through  the  apex.  The  braid 
thus  exposed  should  be  raveled  so  that  each  separate 
wire  will  stand  out  like  brisUes  of  a  brush.  The  lower 
end  of  the  braid  terminates  in  a  standard  connector.  The 
cone  is  to  be  placed  on  the  highest  point  on  the  envelope. 
A  fabric-chaling  patch  should  be  cemented  at  this  place 
to  prevent  the  leather  from  chafing  the  envelope.  The 
cone  will  have  two  holes  punched  near  the  apex  in  such 
a  manner  as  to  allow  for  necessary  ventilation  and  at  the 
same  time  to  be  waterproof.  The  cone  itself  is  secured 
to  the  envelope  by  three  straps  placed  at  equal  distances 
about  the  circumference  of  the  base  and  fastening  by  hand 
stitching  to  corresponding  straps  on  the  coUar  of  the  cone. 
When  the  balloon  is  to  be  packed  the  cone  can  be  easily 
removed,  thereby  doing  away  with  aU  rigid  parts  which 
might  damage  the  fabric.  To  place  in  operation  again  it 
is  only  necessary  to  bolt  the  connectors  together  and  sew 
the  cone  straps  to  the  chafing-patch  straps.  The  reason 
for  sewing  the  cone  straps  is  to  do  away  with  small  auxiliary 
metal  parts  not  grounded. 

3.   THE   BONDLNQ   OF  ALL  PROJECTINO   METAL  FnTINGS   AND 
THEIR   CONNECTION   TO   THE    EARTHINQ    SYSTEM. 

Extreme  care  should  be  exercised  in  making  all  connec- 
tions strong  both  electrically  and  mechanically.  Wherever 
possible  joints  should  be  soldered,  and  where  this  is  im- 


practical  a  stron?  clamp  connector  should  be  useil,  first 
thoroughly  cleamns;  the  surfaces,  which  are  to  he  brought 
into  contact.  The  braid  from  the  valve  should  be  clamped 
to  the  upper  end  of  the  metallic  V  just  below  the  ring  to 
which  the  rigging  is  attached.  Good  electrical  connection 
between  the  metallic  V  and  the  earthed  cable  is  also  essen- 
tial. All  other  metal  parts  should  be  effectively  bonded 
together  and  connected  to  the  earthed  cable. 

4.     EXCLUSION    OF    MOISTURE    FROM    THE    INTERIOR    OF    THE 
ENVELOPE. 

It  is  [trobabily  impossible  to  exclude  moisture  altogether 
from  the  in  tenor  of  the  envelope,  but  every  i)reraution 
should  be  taken  to  keep  the  inner  surface  dry.  The  most 
probable  source  of  moLsture  it  rain  entering  through  the 
valve.  This  it  ia  believed  will  be  prevented  In'  the  valve 
cover  clamped  to  the  valve  ring. 

5.    EFFECTIVE    OROUNDINO    OF    BALLOON    C.\nLE. 

Unless  the  lialloon  is  efficiently  an<l  effectively  grounded 
all  the  precautions  de-cribed  above  are  not  only  worthless, 
but  become  a  source  of  danger  to  the  balloon.  1 1  is  there- 
fore necessary  to  have  a  means  of  grounding  the  lable 
under  any  conditions  which  may  exist  with  as  little  trouble 
as  possiV)le.  The  device  for  thi-s  purpose  consists  of  a 
round  40-inih  ste^jl  stake,  heavily  galvanized,  diameter 
1  inch,  tapering  the  last  0  inches  to  a  point.  The  head 
should  1)6  equipped  with  a  14-inch  bar  or  handle  and  a  !'• 
inch  boi-f,  so  that  it  may  be  driven  into  the  ground  with  a 
mallet.  To  the  stake,  just  below  the  handle,  is  bolted  30 
feet  of  phosphor-bronze  stranded  cable  approximately 
equivalent  to  size  No.  1/0  B.  &  S.  gauge;  the  other  end  is 
securely  fastened  to  the  winch.  When  not  in  u^c  the 
flexibility  of  the  |ihosphor-bronze  cable  allows  it  to  l>e 
coiled  up  into  a  very  small  space.  Before  an  ascent  is 
made  the  stake  should  be  driven  deep  in  the  ground  at  the 
point  of  greatest  moLsture.  If  the  ground  is  dry,  pour 
water  around  the  stake.  The  14-inch  handle  allows  the 
stake  to  be  withdrawn  with  comparative  ea^^e.  In  c;i.se 
the  cable  attached  to  the  stake  breaks  or  needs  renewing 
and  there  is  no  phosphorUironze  cable  at  hand,  a  length  of 
balloon  cable  may  be  sul)stituted  or  the  equivalent  size 
of  copper  cable,  extreme  care  being  taken  with  the  con- 
nections. 

THEORY  OF  OPERATION. 

The  action  of  a  discharger  applied  to  a  balloon  as  de- 
scribed in  the  foregoing  paragraphs  is  similar  to  that  of  a 
lightning  rod  attached  to  a  building.  The  points  on  the 
cone  discharge  the  approaching  cloud  before  a  sufficiently 
high  potential  has  accumulated  to  break  down  the  inter- 
vening air  resistance.  In  this  way  the  pressure  lietweeu 
the  cloud  and  the  points  is  gradually  neutralized  or  rather 
equalized  and  no  flash  can  take  place.  A  similar  phe- 
nomenon may  be  observed  in  the  laboratory:  An  elec- 
troscope can  be  easily  discharged  by  a  pointed  conductor 
held  near  it  while  a  blunt  conductor  at  the  same  dLstance 
will  have  no  effect. 

It  can  not  be  guaranteed  that  this  system  of  electrifica- 
tion will  prevent  Hashes  from  taking  place  any  more  than 
it  can  be  guaranteed  that  lightning  rods  on  a  building  will 
prevent  its  being  struck.  If  a  cloud  approaches  faster  than 
the  points  are  able  U:>  discharge  it,  a  Hash  will  umloubtedly 
occur.  However,  it  is  known  by  experience  that  a  build- 
ing properly  protected  from  lightning  is  a  better  risk  than 
a  building  under  the  same  conditions  without  such  equip- 
ment and  the  same  may  be  said  of  balloons. 


The  disrharecr  -hinild  ci|ualize  the  charge  a^'cumulated 
mi  the  ,-uriai  o  ..i  ihi'  I'lnclup,.  iii  the  same  manner  as  that 
on  ;i  (ioud.  If  1-  tlicrclorc  unnecessary  to  encumber  a 
balloon  with  a  (  omplirated  net  work  of  braid.  The  addi- 
tion of  other  disrhargers  would  no  doubt  improve  the  oper- 
ation i>f  the  system,  but  the  added  effitiency  would  not 
rompensate  for  the  increase  in  weight.  A  perfectly  con- 
di:cting  faliric  ls  the  ideal  solution  to  the  entire  problem, 
Ijut  so  far  none  has  been  developed. 

DETAILS  RELATIVE  TO  THE  MATERIALS. 


The  electnjiciittnn  (trrnngement  consists  of: 
{(i)  Discharge. 

[h)   Discharge  attachment  patch. 
(r)  (.)ne  inch  flat  copper-braid  conductor. 
((/)  Connections     from     copper     conductors 

balloon  cable. 
(f)  Phosphor-bronze  stranded  ground  cable. 
(f)  Ground  stake. 
(9)  I'able  clamp  for  ground  stake. 
(/i)  <'onnection  to  the  ■srinch  frame. 
( /)  Valve  apron  and  connection  to  the  valve. 


for 


Stalcmenl  of  estimated  Heights. 


No  -  ...  1  ,^"™"  '    Unit    '    Total 

detail.  1  '^'"-  I  ^,^[^JJ  i  weight.  I  wclBht. 

—I !—i — : — 

I  I              '  P<mnit.  I  Pounds. 

VJ:<f>-2..\  Di.scharcctip 1  1  l  0.24    1  0.24 

I2.it-I..,  t)isc-hari;(Tt>nc  with  straps I  '  1.80    ■  l.SO 

riW i)iicliari,'vr  iKitch,  compiete ;  1  I  .SO    1  ..'^0 

.stcl.  .-.:  Caljlp.  braiiied  (hlHcell,  complete. I  I,  4.  4S    ;  4. 4S 

iri'i-2.J  Tape  lor  cable 1  .69    I  .69 

I2.">6-:t..i  Jtinljier  connection  at  metallic  V  ..I  1  |  .17    |  .17 

I2oG-:i..i  Connections  from  copper  conduc-  I  ■ 

I      tors  to  tialloon  cable ]  3t  .077  1  .23 

Sid ,  HoltsanOnutsii  l>y  (inch) 12  .033]  .3M> 

12.'>f>-5..|  ifround  cable  connector  at  winch. .  I  II  .  06    I  .06 

Std....,  Ilroilnd  cable, coniplete(30fcet). . .  I   |  7.65     1  7.6.S 

12.'"*-!-!!  Cround  .stake,  complete ,  li  11.00  11.00 

12.i7....l  Valveapron 1  :  3.00    I  3.00 

Total  weiilht ' ' i      30.28 


i.  Discharger. — The  tip  of  the  discharger  is  made  of  No. 
IG  B.  it  S.  gauge  copper  tube,  1  inch  in  diameter, 
expanded  to  form  the  apex  of  a  cone.  The  support  for 
this  lip  is  made  of  leather,  waterproofed  along  the  seam 
and  shaped  to  form  the  body  of  a  cone  near  the  bottom  of 
which  la  stitched  three  strap  fasteners.  Means  are  pro- 
vided for  securing  a  braided  copper  cable  to  the  discharger 
tip  with  a  brass  or  copper  bolt. 

1.  Iiischarger  nttdchment  patch  is  made  of  two  layers  of 
ballonet  fabric;  the  outer  patch  to  be  notched  on  the 
outer  edge  to  prevent  this  edge  from  curling.  There  are 
to  be  further  patches  taped  over  the  ends  of  the  several 
strap  fasteners.  The  straps  from  the  cone  and  the  straps  on 
the  patch  are  to  be  fitted  and  sewn  together  on  assembly. 

5.  Braided  conductor  consists  of  (JO  feet  of  832  strands  of 
No.  3tj  B.  i  S.  copper  wire  woven  together  to  form  a  flat 
braid  1  inch  in  width  (Std.  Belden  braid),  and  sewn  to 
strips  of  2-inch  tape  made  of  ballonet  fabric  which  in 
turn  are  to  be  cemented  to  the  envelope.  The  stitching 
should  be  of  a  zigzag  or  wave  form  t.o  allow  a  certain 
necessary  amount  of  stretching  after  assembly.  The 
one  end  of  this  conductor  is  frayed  to  form  a  wire  brush 
or  discharger,  near  wliich  end  the  braid  is  to  be  spot- 
soldered  and  drilled  to  take  a  J-inch  brass  bolt  in  order  to 
rigidly  secure  this  conductor  to  the  discharger  tip.     The 


other  end  of  the  conductor  is  to  be  bolted  with  J-inch 
bolt  to  a  special  clamp  on  the  steel  balloon  cable  leading 
down  to  the  metallic  V. 

6.  Connectiom  to  balloon  cable  consist  of  several  special 
steel  clamps  of  No.  16  gauge  cold-rolled  steel,  to  which 
are  bolted  the  standard  copper  terminals  of  the  braided 
conductor  on  the  balloon  and  jumper  connection  at  the 
junction  piece.  A  copper  lining  of  No.  l(i  B.  <t  S.  copper 
is  to  be  inserted  in  each. 

7.  The  jumper  connection  con^iiis  of  a  short  longth  of 
the  flat  braided  conductor,  heretofore  specified,  soldered 
into  No.  IG  B.  i.t  .S.  gauge  copper  terminals  as  specified 
in  paragraph  Hfi).  This  connection  should  be  of  sulficient 
length  to  short  circuit  the  junction  piece. 

8.  Ground  cable  consists  of  30  feet  of  five-sixteenth-inch 
diameter  phosphor-bronze  stranded  cable,  each  end  of 
which  is  to  be  fitted  and  soldered  into  a  standard  16  F?.  &. 
.?.  copper  terminal  of  the  spade  type,  with  :J-inch  opening. 

!).  The  ground  stid-c  con.si9t3  of  a  bar  of  1-inch  diameter 
rold-roUed  steel  hea\-ily  galvanized  of  .sufficient  length  to 
penetrate  the  ground  to  36  inches.  This  stake  is  upset 
to  form  a  driving  head  and  a  12inch  handle  is  welded 
thereto,  to  permit  \nthdra«'al.  .\  connection  claiup  made 
of  No.  14  B.  &  S.  hard-drawn  copper  strip  is  brazed  to  a 
scraped  portion  of  this  stake  immediately  beneath  the 
handle. 
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10.  The  conntction  to  winch  frnvie  consists  of  a  clip  made 
of  No.  II  gauge  copper  to  which  is  bolted  one  end  of  the 
ground  cable.  This  clip  is  to  be  securely  brazed  and  bolted 
to  the  winch  frame. 

11.  Valve  cover  consists  of  a  fpun  cover  and  collar  of 
No.  20  United  States  gauge  aluminum,  of  at  lea.st  10  inche.'! 
clear  height  inside  and  designed  to  readily  fit  the  type 
R  balloon  valve  as  specified  in  United  States  Air  Service 
specifications  Nos.  2114  and  211.S.  This  valve  apron  is 
so  designe<i  as  to  prevent  water  from  entering  the  balloon 
through  the  valve,  and  shall  be  further  provided  with  a 
weather-proof  handhole  to  permit  valve  adjustment  when 
in  place.  The  valve  and  valve  apron  are  grounded  to  the 
main  braide<l  conductor  by  a  short  length  of  braided  cable 
(.hereinbefore  specified)  soldered  at  the  ju.ictiou  with  the 
main  cable,  and  terminating  at  the  valve  apron  in  a  stand- 
ard No.  16  B.  i  S.  gauge  copper  terminal.  This  copper 
terminal  is  secured  to  the  nearest  valve  apron  stud  with  a 
wing  nut. 

12.  .\ll  connections  between  copper  and  copper  unless 
3>ildere<l  only,  are  to  be  made  with  a  bra.ss  bolt  and  nut. 
.\11  connections  lietween  copper  and  steel,  or  steel  and 
steel,  are  to  be  made  with  a  steel  bolt  and  nut.  \\  ing 
nuLs  are  u.sed  at  points  where  quick  disconnection  is  nec- 
essary, while  standard  hexagon  nuts  are  used  at  all  other 
points. 
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